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PART 1,
THE TITANIUM ANALOGUES OF THE TUNGSTO-SILICIC ACIDS AND 
THEIR DERIVATIVES*
In tro duction*
In  th e  course o f work on th e  a n a ly t ic a l  sep a ra tio n
o f t i ta n iu m  from tu n g sten  i t  was found t h a t ,  co n tra ry  to
e x p e c ta tio n , no complete sep a ra tio n  could be e ffe c te d  in  ac id
so lu tion*  A s im ila r  o b servation  has been recorded by 
I
S c h o e lle r , who found th a t  under c e r ta in  circum stances a pyro- 
-su lp h a te  fu sio n  of a m ixture o f t i t a n i c  oxide and tu n g s tic  
oxide g ives a m elt which i s  com pletely so lub le  in  w a ter, th e re  
being no sep a ra tio n  o f tu n g s tic  oxide* This anomalous behav­
i o u r  o f tu n g s ten  in  presence o f tita n iu m  suggested th a t  a t  
some stag e  o f th e  sep a ra tio n  a w a te r-so lu b le  compound co n ta in -  
- in g  both  ti ta n iu m  and tu n g sten  was being formed* C onsidering  
th e  p o s itio n  o f ti ta n iu m  in  th e  P erio d ic  T ab le , th e  most 
probablp compound would be one o f h e te ro p o ly -tu n g s ta te  type  
analogous to  th e  tu n g s to - s i l i c a t e s ,  and the  p resen t in v e s t ig a t io n  
reco rds a ttem p ts  a t  i t s  is o la t io n  and c h a ra c te r is a tio n *
H is to r ic a l  Survey*
Compounds having th e  formulae TiO1L*12W0^*xHap and
%
TiO^.lOWO^.xRjO were prepared by R.Lecarme accord ing  to  D*KLein
a
usin g  methods p rev io u sly  employed by C.Marignac fo r  th e  tu n g s to -  
s i l i c i c  a c id s  SiO^.lSWOg.xH^O and SiO^.lOWOj•xH^O* The f re e  
a c id s  were is o la te d  by decom position o f th e  mercurous s a l t s  w ith  
h y d ro ch lo ric  a c id , excess mercury p re c ip i ta te d  w ith  su lp h u re tte d  
hydrogen and th e  f i l t r a t e  co n cen tra ted  in  a vacuum d e s ic c a to r .
Th© ex is ten ce  o f  th e se  compounds could not be con- 
-firm ed  by L.-A .Hallopeau*
E xtensive work had a lread y  been c a r r ie d  out on th e  
tu n g s to - s i l i c i c  a c id s  and t h e i r  s a l t s .  The methods o f p e r- 
p a ra tio n  and an a ly ses  used in  the  fo llow ing  work is  n a tu ra l ly  
based upon fend fo llow s c lo se ly  th e  methods used in  in v e s t ig a ­
t i o n  of th e  tu n g s to - s i l i c ic  compounds*
c r y s ta l l i s e d  from th e  mother l iq u o r  of an ammonium tu n g s ta te  s o l-
8
-u tio n  co n ta in in g  s i l i c i c  acid* A.Laurent had probably a lre ad y  
prepared  tu n g s to - s i l ic a t e  compounds and d esc rib es  them as 
p o ly tu n g sta tes*
The Nomenclature,
d if fe re n c e s  of a f r a c t io n  o f a percent correspond to  a co n sid e rab le  
v a r ia t io n  in  m olecular formula* I t  has been found th a t  th e  c o n s t i t -  
“u tio n  can be d e f in i te ly  s t t t l e d  only by X-ray analyses of th e  c r y s ta ls  
Even th en  th e  s t ru c tu re s  in  so lu tio n  may be d i f f e r e n t  from th o se  found 
in  th e  so lid  I ta te *
W -
C*Marignac is o la te d  th e f i r s t  tu n g s to - s i l i c a te ;  i t
<7
The nomai c la tu re  is  due to  A.Rosenheim and J .Jaen ick e*
The known tu n g s to - s i l i c ic  a c id s  a r e j -
1.  4H^0* SiO^ *12W05 .28  or 221^0 or
i*e* 12- tu n g s to s i l i c ic  acid*
i*e* 10- tu n g s to s i l i c ic  acid*
i*d* i s o - 12- tu n g s to s i l i c ic  acid*
The C o n stitu tio n *
Owing to  th e  s iz e  of m olecules o f he te ro p o ly  compounds,
JO
M io la ti* s  suggested th eo ry  (based on W erner1s C o-ord in-
//
“a tio n  Theory) has been su cc e ss fu lly  developed by A.Rosenehim
to  inc lude  most o f th e  heteropoly  compounds.
10
According to  M io la ti, th e  c e n tra l  atom ( e .g .  P, As, I ,
S i, e t c . )  i s  hydrated  and a ttach ed  to  s ix  oxygen atoms e .g .
HgSiO^, and th e  oxygen atoms can be wholly o r p a r t i a l ly  s u b s t i t ­
u ted  by ra d ic le s  such as WO ,^ MoO ,^ Mo^O^* e t c . ,  to  form
such compound, a s  H8 Jsi(WxOY) 6]  J H# [ s iO ( ^ 0^ ) s]   ^ H ^ S iO ^ W jO ^ j .
When th e  co -o rd in a tio n  number i s  s ix ,  th e  s e r ie s  of compounds i s
known as th e  " lim itin g  s e r ie s "  and i f  th e  whole o f th e  oxygen i s
If
re p la ce d , as  " sa tu ra te d  s e r ie s " .  The ex is ten ce  o f double r a d ic le s
(W^O  ^ and MOj^ O^ ) i s  d o u b tfu l, and was p o s tu la ted  to  ex p la in  th e
s ix  c o -o rd in a tio n  number.
The sep a ra tio n  in to  isom ers was exp lained  by Rosenheim 
/I
and Jaen ick e , th u s ;-
« W „ 0 ^ * 40y)K 
K O r X ^ o ^ K  K(wt o '  IX o-rJK ^
w X  V ?
Ka  K
An a l te r n a t iv e  hypotheses o f c o n s t i tu t io n  assumes s i l i c i c  
a c id  form ulated  as fo llo w s :- r i
S i° V
°v.
Si(OH). .2H.0 o r S i /0H^ 2 ,  which can be w r it te n  Hg
V<0H V  - <By a d d itio n  o f 12W03 groups to  t h i s  a c id , th e re  would be
produced a compound co n ta in in g  b iv a le n t and monovalent oxygen: 
which adm its o f a c i s -  and t r a n s -  isomerismH%
0"Si * . 12WCL
0* 3
*  T  Ik* “
( P .P f e i f f e r  )•
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Copaux f i r s t  proposed the  use of two hydrogen atoms as 
a n u c leu s . I f  a m olecule o f w ater i s  taken  as (H^O)^, by isom eric 
change i t  can give H<0 [H ^ O )^  , c a lle d  "aqua a c id " . Then th e  
oxygen atoms may be rep laced  by th e  ra d ic le s  Mo^O  ^ o r W^O^as b e fo re , 
and th e  o u ts id e  hydrogen ions by th e  m eta ls . The conception i s  
a r t i f i c i a l  but u se fu l to  c la r i f y  th e  s tru c tu re  o f ,  fo r  example, th e  
m e ta tu n g sta teg .
The most u su al formulae fo r  a c id s  a re  th o se  a lread y  used 
in  th e  nomenclature* H ^Si(W ^0./)^«28 o r 22H^ 0 and H g^SiO ^O f ) 5^ .
3HjO and a re  due to  Rosenheim and Jaen ick e .
The t ru e  c o n s t i tu t io n  o fth e  12$heteropoly a c id s  and meta- 
- tu n g s ta te s  in  th e  so lid  s ta t e  has been shown by the X-ray c r y s ta l
lls
an a ly ses  c a r r ie d  out by Keggin, and based on th e  work o f L.Pfculing.
In  th e  12 -heteropo ly  a c id s  and m e ta tu n g sta te s  the  polyacid  ions may 
be regarded  as co -o rd in a tio n  s t ru c tu re s ,  b u i l t  up o f polyhedra o f 
oxygen io n s . Compounds of th e  f i r s t  ty p e  a re  rep resen ted  R^h Js I  W^O^aq.
and o f  th e  second* R,0 H ^ O
The s im ila r i ty  between th e  p a ra tu n g s ta te s  and 6-h e te ro p o ly  
a c id s  le d  to  t h e i r  fo rm ulation  by Rosenheim as  R5H5 K (W ° f ) J . a q.
/Cf L J
J .H .S tu r t iv a n t  has re c e n tly  shown th a t  ammonium p a ra tu n g s ta te  
i s  c o r re c t ly  rep resen ted  by th e  o ld e r  form ula SCNH^J^O.TMoOj^H^O o r 
• 4H^0) i t  may be w ith  MoO^as nucleus o f th e  s tru c tu re
20
\And.©rsou.)•
B a s ic i ty .
The Jyroblem o f b a s ic i ty  i s  much d ispu ted  in  the  l i t e r a t u r e .
V
According to  Marignac a l l  th e se  a c id s  a re  8-b a s ic .  The normal 12- 
tu n g s to s i l i c i c  a c id  g ives the  4 -b as ic  (a c id ) and 8-b a s ic  (n e u tra l)
s a l t s .  Wyrouboff d esc rib es  s im ila r  ty p es  of s a l t s ,  n e u tra l 
and b a s ic . The b e s t defined are  th e  so -c a lle d  4 -b as ic  s a lts#
C onductiv ity  measurements during n e u tr a l is a t io n  of 
th e  f r e e  a c id s  w ith a lk a l i  p o in ts  to  th e  ex is ten ce  of 4 -b as ic  
s a l t s  only; even o n d u c tiv ity  measurements of th e  fre e  ac id s
aa
correspond to  th o se  of 4 -b asic  ac id s  according  to  Copaux, and th e
dU*
n e u t r a l i s a t io n  curve of Malaprade.
yo
Yet on th e  ground of the  M iolati-Rosenheim  th e o ry , th e  
8- b a s ic i ty  i s  accepted#
3!
According to  Scroggie and C larke , no normal potassium  
tu n g s ta te  i s  s p l i t  o f f  by the  a d d itio n  o f 8f 9 o r 10 eq u iv a len ts  
of potassium  hydroxide to  one molecule of 12- tu n g s to s i l ic ic  a c id  
H gjsi 11 eq u iv a len ts  of potassium  hydroxide gave some
potassium  tu n g s ta te  K^ WO^ ., as was shown by p re c ip i ta t io n  of h y d ra t-  
-ed  tu n g s tic  oxide on a d d itio n  o f a c id . 12 eq u iv a len ts  gave un- 
-doubted evidence of decomposition# From th e se  r e s u l t s  i t  is  
ap p aren tly  p o ssib le  to  prepare  8-b a s ic  s a l t s  o f th e  ac id  Hg
There e x is t s  an 8-b a s ic  guanidine s a l t  (CNjH^)g SiCw^O^)^ 
29 L
6Ha0. (R .H aeberle)#
Q&
The 8-b a s ic  s a l t s  a re  not th e  p r in c ip a l  s a l t s  (Copaux) but 
th e  double b a s ic i ty  i s  accep ted  and th e  formula i s  o fte n  w r it te n
SK w .O jU  •xH*0.
/(tKeggin has shown from th e  c ry s ta l  s tru c tu re  th a t  th e
b a s ic i ty  in  the so lid  s ta t e  i s  fo u r fo r  12- tu n g s to a i l ic ic  ac id .
P rep a ra tio n  o f 1 2 - tu n g s to s i l ic ic  a c id . Hg Si(Wa0^)^ j28  o r  22H^0*
The c la s s ic a l  method o f p re p a ra tio n  o f th e  fre e  ac id  is  
th rough  the  mercurous s a l t  which i s  p rec ip a ted  from th e  so lu tio n  o f
th e  sodium or potassium  s a l t .  The l a t t e r  i s  prepared by b o ilin g
a so lu tio n  o f sodium or potassium  p a ra tu n g sto te  w ith  g e la tin o u s  s i l -
- i c i c  acid* Last t r a c e s  of mercury a re  removed from th e  f i l t r a t e
by p r e c ip i ta t io n  w ith su lp h u re tte d  hydrogen which does not a t ta c k
th e  complex a c id , a f t e r  th e  f re e  ac id  has been ob tained  by decom-
•p o sin g  th e  mercurous s a l t  w ith  hydroch lo ric  acid* The f re e  ac id
c r y s t a l l i s e s  from th e  so lu tio n  in  la rg e  shing c o lo u r le ss  c ry s ta ls  
3
(M arignac)* The compound was a lso  prepared by th e  same method by 
ai
W yrouboff, th e  s ta r t in g  m a te ria l being prepared in  th e  fo llow ing  way.
A hot so lu tio n  o f normal ®dium tu n g s ta te  in  th re e  o r  
fo u r tim es i t s  weight o f w a ter, was t r e a te d  w ith  f r e s h ly  p r e c ip i t ­
a t e d  g e la tin o u s  s i l i c i c  ac id  and w aall q u a n ti t ie s  o f n i t r i c  acid*
The f i l t e r e d  so lu tio n  was t r e a te d  w ith mercurous n i t r a t e ,  when th e  
mercurous s a l t  o f 12- tu n g s to s i l i c ic  a c id  was p re c ip ita te d *
Subsequent trea tm en t o f the  mercurous s a l t  fo llow ing M arignac 's 
method was c a r r ie d  out in  o rder to  avoid excess of hy d ro ch lo ric  
acid* I f ,  in s te a d  o f p re c ip i ta t in g  th e  complex acid  w ith  mercurous 
n i t r a t e ,  th e  d i lu te  so lu tio n  o f n i t r a t e s  i s  shaken w ith  e th e r  and 
su lp h u ric  a c id , an e th e r  a d d itio n  compound of th e a c id  f a l l s  to  th e  
bottom  of th e  so lu tio n  as an o i ly  layer*  On c a re fu l ev apo ra tion
of th e  t t h e r e d i l ,  b e a u ti fu l  c r y s ta ls  of th e  acid  a re  obtained  
2* 19
(E*D rechsel, and Copaux)*
30
This method was m odified by E*0.North and G*D*Beal who 
combined and v a rie d  th e  methods o f Marignac and Dreschel in  t h e i r  
method o f p rep a ra tio n s
. To a b o ilin g  so lu tio n  of sodium p a ra tu n g s ta te , prepared 
by th e  n e u tr a l i s a t io n  o f hydrated  sodium tu n g s ta te  (Na^WO^*2H^0 ) w ith
h y d roch lo ric  acid* fresh ly : p rec ip a ted  s i l i c i c  ac id  ge l and excess
hy d ro ch lo ric  a c id  in  sm all q u a n ti t ie s  were added, u n t i l  th e
so lu tio n  was f a in t ly  a c id . As soon as a sample o f th e  b o ilin g
so lu tio n  ceased to  be tu rb id  when t r e a te d  w ith  concen tra ted
hy d roch lo ric  a c id , the  excess s i l i c i c  a c id  ge l was f i l t e r e d  o f f ,
and th e  f i l t r a t e  shaken w ith  e th e r  and hydroch lo ric  acid* According
31
to  Scroggie and C lark , t h i s  method g ives an impure acid* A*Rosenheim 
3 X
and J*Jaen icke  produced th e  compound from normal sodium tu n g s ta te  
and a s l ig h t  excess o f sodium s i l i c a t e  re a c tin g  in  a c e tic  a c id  so lu ­
t i o n *  Here th e  product was owtaminated w ith  is o -1 2 - tu n g s to s i l ic ic  
a c id . P u r if ic a t io n  of th e  crude product was e ffe c te d  by a d d itio n  
o f the  c a lc u la te d  quanity  o f potassium  carb o n ate , when th e  potassium  
s a l t  o f th e  normal ac id  was ob tained  by f r a c t io n a l  c r y s t a l l i s a t i o n ,  th e  
potassium  s a l t  o f th e  normal ac id  being le s s  so lu b le  th an  th a t  o f th e  
is o -a c id .  The y ie ld  was fo u r f i f t h s  normal form and one f i f t h  is o ­
form. The pure ac id  was then  prepared by shaking w ith  e th e r  and
33 30
su lp h u ric  ac id  (H.Copaux)* According to  North and Beal th e re  i s  o fte n
s l ig h t  red u c tio n  o f th e  tu n g s to s i l ic a te  in  so lu tio n  by th e  a c e t ic  a c id .
M etatungstic  ac id  does not re a c t a t  a l l  w ith  s i l i c i c  a c id  ge l to  give
Vb
th e  complex a c id s  (L .M alaprade).
The 1 2 - tu n g s to s i l ic ic  a c id  c r y s ta l l i s e s  in  la rg e  c o lo u r le s s
o r sometimes l ig h t  yellow  c r y s ta l s ;  th e  c r y s ta l l in e  form being  te tr a g o n a l ,
pseudocubic o r octohedral*  The 28-hydrate  i s  isomorphous w ith  boro-
and phospho-tungstic  ac id s  and s il ic o -a n d  phospho-molybdic a c id s
35
(A*Rosenheim, J .Ja e n ick e )*  The isomorphism with b o ro tu n g s tic  a c id  was 
db
shown by D .K lein.
P rep a ra tio n  o f 1 0 - tu n g s to s i l ic ic  acid  H0[siO(W^O7 ) 4r]  *3Ha0 .
This a c id  i s  d i f f i c u l t  to  prepare pure*
I t  has been prepared from th e  ammonium s a l t  of th e  acid*
The ammonium s a l t  i s  prepared by b o ilin g  ammonium p a ra tu n g s ta te
w ith  g e la tin o u s  s i l i c i c  acid* By a d d itio n  of mercurous n i t r a t e
o r s i lv e r  n i t r a t e  in  th e  co ld , an in so lu b le  p re c ip i ta te  i s
formed* The p re c ip i ta te  when t r e a te d  w ith  hydroch lo ric  acid
(ca re  being token to  avoid an excess) f i l t e r e d ,  ancl th e  f i l t e r e d
so lu tio n  evaporated in  vacuo, g ives a f in a l  product which i s
sL ig h tly  co ntam inatedw ith th e  ammonium sS .lt, B e tte r  r e s u l t s
a re  ob tained  th rough th e  s i lv e r  s i l t ,  when i t  i s  p re c ip i ta te d
i,vi
w ith  excess s i lv e r  n i t r a t e  ( M arignac)• The f i l t e r e d  so lu tio n  when 
co n cen tra ted  becomes syrupy and th en  forms a tra n sp a re n t l ig h t
y e llow ish  gloss* The p ro po rtion  of w ater lo s t  a t 100 i s  in
The f re e  acid  may a lso  be ob tained  from the  ammonium s a l t  by ex-
28
- t r a c t io n  by th e  D rechsel method. By b o il in g  a so lu tio n  o f 50 
grams of ammonium p a ra tu n g s ta te  in  500 ml w ater w ith  g e la tin o u s  
s i l i c i c  a c id , a compound was produced co n ta in in g  s i l i c a  and tu n g s tic  
oxide in  th e  r a t io  Si0a ;W03 : il*7* D oubtless t h i s  was contam inated
tr i th  c o l lo id a l  s i l i c i c  a c id , according  to  Rosenheim and Jaenicke* 
Experim ents o f t r a n s i t io n  of th e  12 -ac id  to  th e  10 -ac id  th rough th e  
a c tio n  o f vary ing  s tre n g th s  o f base (sodium b ica rb o n a te , sodium 
carb o n a te , ammonium b ic a rb o n a te , potassium  b ic a rb o n a te , barium 
carb o n ate ) in  q u a n ti ta t iv e  amounts gave no d e f in i te  in te rm ed ia te
accordance w ith  th e  formula
37
3H-0* (C.M arignac}.*b
p ro d u c ts , (Rosenheim and Jaen icke)
31
According to  Scroggie and C la rk , however, 14 eq u iv a len ts
o f a l k a l i  (potassium  hydroxide) gave th e  10-acids2H5/0 .S i0 a/.10W03 .5% 0 
18 e q u iv a len ts  gave th e  8-a c id i 2H2O.SiO?/.8we3.41^0
20 e q u iv a len ts  gave th e  7-acids 2H10*Si0^ . 7W03. 4H20
F u rth e r a d d itio n  o f a lk a l i  caused complete decom position.
M etatungstic  Acid H|£)£ H ^ W jO ^ • 221^0 -  the  Rarent Acid.
M etatungstic a c id , w ith th e  above form ula, was prepared 
and analysed  by A.Rosenheim and J .J a e n ic k e . This form ula shows
i t  to  be isomorphous w ith  12- tu n g s to e i l ic ic  ac id  Hg jsifW^O^)
22h20 . In  p h y s ica l and chemical p ro p e r t ie s ,  m eta tu n g stic  ac id  
and i t s  d e r iv a tiv e s  are  so s im ila r  to  th e  s u b s ti tu te d  he tero p o ly  
compounds as  to  be in sep arab le  from them i f  mixed. There is  
always a strong  p o s s ib i l i ty ,  th e r e f o r e , th a t  th e  p a ten t ac id  m eta- 
- tu n g s t ic  a c id , w il l  be produced during th e  p re p a ra tio n  o f the 
s u b s ti tu te d  a c id s .
H-l
M argueritte  observed th a t  th e  product of fu s io n  o f 
tu n g s t ic  oxide (W03) w ith  a lk a l i  carbonate  (n e u tra l  tu n g s ta te )  gave 
on trea tm en t w ith  hydroch lo ric  a c id , added very  g ra d u a lly , hydrated  
tu n g s t ic  ox ide , which a t  f i r s t  re d isso lv e d  in  th e  undecomposed 
tu n g s ta te .  On ca rry in g  th e  a d d itio n  o f hydroch lo ric  ac id  f u r th e r ,  
th e  hydrated  tu n g s tic  oxide ceased to  re d is so lv e . On f i l t e r i n g  th e  
a c id  l iq u id  and t r e a t in g  w ith  z in c , tu n g s t ic  oxide was found to  be 
p re se n t. A fte r  co n ce n tra tin g , and removing repeated  crops o f 
a lk a l i  c h lo r id e , a very  sm all amount o f a p roduct, w ater so lu b le  and 
co n ta in in g  a lk a l i  and tu n g s tic  ox ide , was o b ta in ed . This was
undoubtedly sodium m etatungstate*  Na^O. 4W 0^.xHs0 . F u rth e r he
observed th a t  s im ila r  trea tm en t of n e u tra l  tu n g s ta te  w ith  hydro- 
- c h lo r ic  a c id  in  th e  cold gave a p re c ip i ta te  o f hydrated  tu n g s tic
10.
ox id e , re d is so lv in g  on h ea tin g . He then  went on to  th e  
u su al prodedure of s a tu ra tin g  n e u tra l tu n g s ta te  w ith hydrated 
tu n g s t ic  oxide and prepared a v a r ie ty  of ac id  tu n g s ta te s .
Meanwhile S ch e ib le r had in  an extended re sea rch  
prepared a g re a t number o f m eta tu n g sta tes  and had discovered  t h e i r  
o u ts tan d in g  c h a r a c te r i s t ic s .
P ossib le  methods o f p rep a ra tio n  o f M etatungstic  Acid.
1 . When a lk a l i  p a ra tu n g s ta te  so lu tio n s  a re  allow ed to  b o il  w ith  
excess o f pure hydrated yellow  tu n g s tic  oxide u n t i l  a f i l t e r e d
sample g ives no p re c ip i ta te  o f tu n g s tic  oxide on trea tm en t w ith
/fb
h ydroch lo ric  ac id  (H. Copaux),, and th e  f i l t e r e d  so lu tio n  i s  con­
c e n t r a t e d  to  some ex ten t by b o ilin g  and f in a l ly  evaporated over 
co n cen tra ted  su lp h u ric  a c id , c r y s t a l l i s a t io n  o f a lk a l i  meta- 
- tu n g s ta te  ta k e s  p lace .
2 . When a sa tu ra te d  a lk a l i  p a ra tu n g sta te  so lu tio n  i s  t r e a te d  w ith  
a la rg e  excess of concen tra ted  a c e t ic  acid  a heavy o i ly  la y e r  
f a l l s  to  th e  bottom . This i s  m ncentrated m eta tungsta te  s o lu tio n , 
(S c h e ib le r ) .
3 . I fa rg u e r i t te ,  by adding dropwise a s trong  m ineral a c id  to  b o ilin g  
p a ra tu n g s ta te  so lu tio n  as long as th e  r e s u l t in g  p r e c ip i ta te  was 
re d is so lv e d , produced m eta tu n g sta tes  in  so lu tio n . This method has 
not been g e n e ra lly  used fo r  th e  p re p a ra tio n  of m e ta tu n g sta te s  owing 
to  th e  n e c e s s ity  fo r removal o f th e  m ineral s a l t s  formed c o n cu rren tly .
4 . By means o f e le c t r o ly s is  o f a lk a l i  tu n g s ta te  so lu tio n  using  a 
c e l l  w ith  a diaphragm, i t  i s  p o ss ib le  to  e n rich  th e  anodic l iq u id  
in  W03 to  the ex ten t necessary  fo r  m eta tungsta te  fo rm ation .
5 . According to  V.Knorre heating  o f sodium p a ra tu n g s ta te  (3Na20.7W03)
11.
so lu tio n  cam es p a r t i a l  decom position inA normal sodium 
tu n g s ta te  and sodium m eta tu n g sta te .
3(31^0. 7Wt  ^ SNRj WO^  +  4(Nax0.4W 0j).
The re v e rse  a c tio n  taken  place only incom pletely  on co o ling .
The f re e  ac id  can be prepared from th e  s a l t s  in  th e  
fo llow ing  ways:
(a )  By t r e a t in g  th e  ammonium s a l t  w ith  c h lo ro p la tin ic  ac id  
*6'
(L au ren t) .
H-1
vb) By t r e a t in g  the  barium s a l t  w ith  su lp h u ric  ac id  (S ch e ib le r ,
Pechard, M alaprade).
(c ) By t r e a t in g  th e  lead  s a l t  w ith  su lp h u re tted  hydrogen and 
removing excess su lp h u re tted  hydrogen w ith  carbon d ioxide 
(V .Forcher); r . '
iS
W  By th e  D rechsel method.
The f i l t e r e d  so lu tio n s  must be evaporated  in  vacuo over concen- 
- t r a t e d  su lp h u ric  a c id , in  o rder th a t  c r y s ta l l i s a t io n  ta k e s  p lace .
Thus th e re  a re  v a rio u s  ways o f producing m eta tu n g stic  
ac id  but as regard  th e  p rep a ra tio n  o f th e  s u b s ti tu te d  h e teropo ly  
a c id s , th e  most s ig n if ic a n t  o b serv a tio n s  a re  th o se  o f M arg u eritte , 
who showed th a t  th e  a d d itio n  of m ineral ac id  to  le s s  a c id  tu n g s ta te s  
g ives r i s e  to  m e ta tu n g sta te s ; and V.Khorre who showed th a t  simply 
by h e a tin g  p a ra tu n g s ta te  so lu tio n  m eta tu n g sta te  i s  produced.
Since m eta tu n g stic  ac id  and th e  m e ta tu n g sta tes  a re  is o -  
-morphous w ith  th e  12-h e te ro p o ly  tu n g s ta te s  and th e i r  s a l t s ,  i t  i s  
c le a r  th a t  no sep a ra tio n  can be ob tained  by f r a c t io n a l  c r y s t a l l i s a t i o n ,  
and th a t  form ation o f m eta tungstic  ac id  w ill  give r i s e  to  se rio u s  
d i f f i c u l t i e s ,  in  p u r i f ic a t io n .  The r e la t iv e  s t a b i l i t i e s  of meta- 
- tu n g s t ic  a c id  end the  12-h e te ro p o ly  a c id s  a r e ,  however, very
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d i f f e r e n t ,  and i t  i s  p o ssib le  th a t  th e  absence o f any 
re fe ren ce  to  t h i s  d i f f ic u l ty  in  th e  l i t e r a t u r e  i s  due to  
decom position o f any m eta tungstic  acid  formed in  th e  course 
o f e x tra c tio n  and p u r if ic a t io n  of the  more s ta b le  12-h e te ro p o ly  
tu n g s tic  a c id s .
.71^0 ,
S a i t 8 of 1 2 - tu n g s to s i l ic ic  acid>
Sodium S a l t .  4Naa0.SiOa .12W05.7H^0. or HagjsifW^p./)*
This 8-b a s ic  s a l t  o f 1 2 - tu n g s to s i l ic ic  acid  i s
^9 50
re p o rted  by TSfyrouboff. According to  M arigaac, i t  i s  e a s i ly
formed by b o ilin g  an aqueous so lu tio n  of sodium p a ra tu n g s ta te
w ith  g e la tin o u s  s i l i c i c  a c id . Fine need les of th e  s a l t  come
out o f th e  syrupy so lu tio n , but th e se  enclose too  much mother
l iq u o r  to  be analysed accu ra te ly*
Potassium  S a l t s .  4Ka0 .S i0 Jl.  1 2 ^ .1 4 1 ^ 0 .  or K g js i^ O -f)  ^14H a0 .
The 8-b a s ic  s a l t  o f th e  1 2 - tu n g s to s i l ic ic  a c id  was 
51
re p o rte d  by M arignac. On th e  b a s is  o f more recen t work, th i s  
s a l t  has been shown to  be th e  s a l t  of th e  l§ -a c id  (Rosenheim
and Jae n ic k e , Kehrmann and F lttrscheim ).
59
North and B eal, however, sp ec ify  an 8-b a s ic  s a l t  o f 
th e  12-a c id .
i-
Two o th e r  s a l t s  2K10*Si0a .12HP0j.l8H^0 or (Si(w^07 ) .16Ha0«
and 2IC^0.Si0^ «12W0^  .15H^0 or S iC W ^ J J .lS  HjO have a lso  been
$t,60 ^
re p o rte d .
Ammonium S a l t .
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North and Beal sp ec ify  an 8-b a s ic  s a l t  o f th e  1 2 -ac id .
13.
Guanidine S a l ts .
Two guanidine s a l t s  were repo rted  by H aeberle, 
which he prepared from th e  free  acid  by n e u tra lis in g  w ith 
d i f f e r e n t  q u a n ti t ie s  o f guanidine carbonate* These a re : 
4 (CN3H j ;l0.S i01,.12WD3. 6H;L0.  o r (C N ^  \  Si(WJL0-7)6 6% 0.  
2(0^ ^ ) ^ 0 . 310^ .12103. 12^ 0.  o r ( C N ^ H ^ S ifW ^  )i .lOH^O 
S a l ts  o f 1 0 - tu n g s to s i l ic ic  a c id .
Sodium S a lt*  There i s  no sodium s a l t .
Potassium  S a l ts .
The s a l t  o f formula 4K^0.Si0^.l0W03.17H^0. o r
and
S i 0 ( \ 0 , ) . •17H 0 . was prepared from a so lu tio n  o f 10-•L
t u n g s to s i l ic i c  acid  and potassium  carbonate in  th e  p ro p o rtio n s
o f I i4 ;  and o f formula 2K0O.SiO«1010,.10H«0 o r, 7, 1 * A, <>,*, 53,*^ .
S iO ( V ^ ) when th e  p ro p o rtio n s  used were 1: 2.
Ammonium S a lts ,
4(NH(f)JL0.S%.10HTCj? .8Hz0 o r  ( iM ^ ^ S ifW jO ^ O  *8Ha0.
This s a l t  can be prepared by b o ilin g  a solutions o f ammonium
p a ra tu n g s ta te  w ith  g e la tin o u s  s i l i c i c  a c id . A ddition  o f
ammonia in  sm all q u a n ti t ie s  c a u s e s r i t  to  c r y s ta l l i s e  in  sm all
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s t r i a t e d  prism s. (M arignac). Copaux claim s to  have prepared 
i t  as a f i s s io n  product by t r e a t in g  12- tu n g s to s i l ic ic  a c id  w ith 
excess ammonia.




th e  s a l t  which Marignac described  as th e  8-b a s ic  s a l t  of the
12-a c id ,  i s  prepared by t r e a t in g  12- tu n g s to s i l i c ic  a c id  w ith  ammonia
or by prolonged b o ilin g  o f th e  product o f a d d itio n  to  th e  12-a c id
o f ammonium carb o n ate , when s i l i c a  i s  shed and the  s a l t  o f  th e
5)
10-ac id  r e s u l t s .  Marignac a lso  d e sc rib e s  a s a l t  o f formula
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According to  Kehrmann and Flfirscheim s a l t s  o f  th e
type  7R^0.2(510^.1010^JxHjjO a re  formed by ad d itio n  o f a lk a l i  
carb o n ates  to  th e  corresponding 4 -b asic  s a l t s  of 12- 
tu n g s to s i l i c i c  a c id . The s a l t s  o f l<J>-tungstosilicic ac id  
a re  in  every cawe poorly c h a rac te rised  when obtained  by 
n e u tr a l is a t io n  o f th e  free  a c id . The 7 -b asic  potassium  
and guanidine s a l t s  prepared by th e  hydrolyses o f th e  4 -b as ic  
s a l t s  o f 12- tu n g s to s i l ic ic  ac id  w ith  th e  corresponding a lk a l i  
carbonates  a re  w e ll-d e fin ed , however, and gave an a ly ses  in  
agreement w ith  those  o f the  s a l t s  d i r e c t ly  prepared from th e  
f re e  a c id .
Guanidine S a l ts .
The follow ing s a l t s  have been prepared and described
05
by H aeberle.
This s a l t  c r y s ta l l i s e s  when an aqueous so lu tio n  o f 
the  f r e e  ac id  i s  s a tu ra te d  w ith  barium c h lo r id e . A v iscous 
mass, i t  d r ie s  to  a g la s s .  (C.Marignac)#
From th e  l i t e r a t u r e  th e re  emerge th re e  s tandard  methods fo r  
p re p a ra tio n  o f a lic a li tu n g s to s i l  i d e a t e s ,  th e se  serv ing  as a 
source o f th e  f re e  a c id s , and by double decom position, a s  a 
source of s a l t s  o th e r  th an  th o se  of th e  a lk a l i  m e ta ls .
1 . B o ilin g  of an a lk a l i  p a ra tu n g s ta te  so lu tio n  w ith  g e la tin o u s
7 ( C N ) ^ 0 .  2 ( SiO^. 10W0 3) « H^O. o r
SCCN jH j^O ^SiO ^.lO lSO j). HH^O o r (CN?H J 3 H ^jsiO fy  0? ^  j . 3 ^ 0 .  
Barium S a l t .  4BaO.SiO^• lOWOj• 22H^0
15.
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s i l i c i c  a c id , w ith  or w ithout ad d itio n  o f m ineral a c id .
(The so lu tio n  becomes a lk a l in e  during  the  re a c t io n ) .
2 . A c id if ic a t io n  o f a m ixture o f a lk a l i  tu n g s ta te  (o r
p a ra tu n g s ta te )  and a lk a l i  s i l i c a t e  w ith  m ineral ad id , a t  
3t, (.+<
b o ilin g  tem pera tu re .
3 . S a tu ra tio n  o f a lk a l i  tu n g s ta te  so lu tio n s  w ith  a lk a l i  
f lu o s i l i c a t e s  u n t i l  a f i l t e r e d  sample g ives no p r e c ip i ta te  
of hydrated  tu n g s tic  oxide on ad d itio n  of m ineral a c id  and 
b o il in g . In  t h i s  case th e  hydrated  s i l i c i c  acid  is  
obviously  derived  from th e  a lk a l i  f lu o s i l i c a te  by h y d ro ly s is  
in  the  a lk a l i  tu n g s ta te  so lu tio n ,
RzSiF6 t  4 ^ .  -  2RF 4HF + Si(OH) •
Since th e re  are  no so lub le  a lk a l i  t i t a n a t e s ,  the  second method
above cannot be used in  th e  case of tita n iu m .
S epara tion  o fthe  fre e  ac id  from so lu tio n  was accom-
-p lish e d  by shaking the  sodium s a l t  w ith e th e r  and s trong
su lp h u ric  ac id  when th e  m ixture separa ted  in to  th re e  la y e rs  
QS
(D rech se l) .
1 . An e th e r-w a te r la y e r  (uppermost)
2 . An acid-aqueous la y e r  (m iddle)
3. An " o ily "  la y e r  o f ether-addition-com pound of th e  h e te r -  
-opo ly  ac id  (bottom ),
F u rth e r p u r i f ic a t io n  o f th e  ac id  was c a r r ie d  out by d isso lv in g  
the  " e th e r - o i l"  in  ab so lu te  a lco h o l and " re p re c ip i ta t in g "  from 
th e  a lcoho l w ith  dry e th e r .
16.
A nalyses.
1 . Some 50-60 drops of the  " e th e r - o i l"  vtere heated w ith
c a u s tic  soda in  aqueous so lu tio n  In o rder to  p r e c ip i ta te
/
th e  ti ta n iu m  as  hydrated t i t a n i c  oxide (S c h o e lle r) . The 
f i l t e r e d  TiO^xH^O was d isso lv ed  in  d i lu te  hydroch lo ric  a c id , 
re p re c ip i ta te d  w ith  ammonia and ig n ite d  to  th e  oxide TiO^ in  
a p latinum  c ru c ib le . The f i l t r a t e  co n ta in ing  th e  tu n g sten  a s  
a lk a l i  tu n g s ta te  was made up to  a known volume (250 ml) w ith  
d i s t i l l e d  w ater and 25 ml p o rtio n s  used to  determ ine th e  
tu n g s ten  as cinchonine tu n g s ta te .  The cinchonine tu n g s ta te  
was decomposed by g en tle  heat to  W03 , which was weighed.
This method can be used when o th e r n o n -v o la tile  
ra d ic le s  a re  p resen t e .g . in  a n a ly s is  of sodium and potassium  
s a l t s .  In th e  case of th e  fre e  a c id , a quicker and equ ally  
accu ra te  method was used.
2 . 50-60 drops o f th e  " e th e r - o i l"  a re  p laced in  a weighed
platinum  c ru c ib le  and heated  slowly to  remove e th e r and th en  
to  a low red heat fo r  tw enty m inuted. The c ru c ib le  is  cooled 
and weighed* This i s  repeated  t i l l  the ' weight i s  co n stan t *  
and g ives th e  w eight o f a m ixture o f TiO^ and WOg. The mixed 
oxides a re  th en  fused w ith sodium carb o n ate , the melt e x t r a c t ­
e d  w ith  hot w ater and th e  p re c ip i ta te d  hydrated  t i t a n i c  oxide 
f i l t e r e d ,  washed, red isso lv ed  in  d i lu te  hyd roch lo ric  a c id , 
re p re c ip i ta te d  w ith  ammonia (added t i l l  so lu tio n  i s  ju s t  yellow  
to  methyl orange) and ig n ite d  to  TiO&. The weight o f tu n g s t ic  
oxide i s  got by s u b s tra c tio n . Thus th e  r a t io  Ti.0^* WO^is found.
17.
PRACTICAL DETAILS o f the  PREPARATIONS.
On th e  b a s is  th a t  th e  product a n tic ip a te d  co n ta in s  
one molecule t i t a n i c  oxide to  twelve m olecules o f tu n g s tic  
ox ide , 25 grams o f normal sodium tu n g s ta te  should re a c t w ith 
1.71 grams of potassium  tita n iu m  f lu o r id e , i f  the  re a c tio n  
i s  q u a n t i ta t iv e . Method -3 -  on page was used in  an 
a ttem pt to  prepare a lk a l i  tu n g s to t i ta n a te s .
1 . When 5 grams potassium  tita n iu m  f lu o r id e , d isso lv ed  in  
b o il in g  w ater were added to  f i f t y  grams of normal sodium 
tu n g s ta te  in  b o ilin g  aqueous so lu tio n , made j u s t  ac id  to  
litm us w ith  d i lu te  hyd roch lo ric  a c id , i . e .  p a ra tu n g sta te  in  
s o lu tio n , and th e  m ixture b o iled  fo r  some tim e , a f t e r  which 
a sample was te s te d  w ith  concen tra ted  hydroch loric  a c id ,
p re c ip i ta t io n  o f tu n g s tic  acid  took p la ce . The m ixture was 
th u s  not s ta b le ,  and could not be e x tra c te d  w ith  e th e r  and 
su lp h u ric  a c id .
A w hite p r e c ip i ta te  had been thrown down, presumably 
t ita n iu m  o x y flu o rid e , product o f h y d ro ly s is  o f potassium  t i t -  
-aniura f lu o r id e ,  so th a t  s u f f ic ie n t  t ita n iu m  had not been l e f t  
in  so lu tio n  to  form th e  complex compound*
2 . To 25 grams normal sodium tu n g s ta te  in  100 ml b o ilin g  w ater, 
a so lu tio n  o f 5 grams o f potassium  tita n iu m  f lu o r id e  in  b a i l in g  
w ater was added in  s ix  or seven p o r tio n s . The m ixture was 
kept s t i r r e d  and th e  a d d itio n s  took p lace every two o r th re e  
m inutes. The so lu tio n  was d e f in i te ly  a lk a l in e  a t  f i r s t ,  and as 
th e  so lu tio n  o f potassium  tita n iu m  f lu o r id e  was added became 
le s s  a lk a l in e .  When a l l  was added, the  so lu tio n  was not y e t
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s ta b le  to  strong  a c id i f ic a t io n ,  so sm all q u a n ti t ie s  of 
d i lu te  su lp h u ric  ac id  were added w ith  co n stan t s t i r r i n g .
A stage  was reached a t  which th e  c o lo u rle ss  re a c tio n  m ixture 
changed to  c le a r  yellow and no tu n g s tic  oxide was p r e c ip i t ­
a t e d  by a d d itio n  o f concen tra ted  a c id . The so lu tio n  was 
cooled to  room tem perature  and about 50 ml e th e r  and one 
h a lf  o f th e  t o t a l  TcSLume o f concen tra ted  hydroch lo ric  a c id  
were added, the  whole being kept v igourously  s t i r r e d  th rough- 
-o u t .  To f in i s h  th e  a c id i f ic a t io n  sm all q u a n ti t ie s  o f s u l-  
-p h u ric  ac id  were added, about 10 ml in  a l l ,  and th e  m ixture 
was allow ed to  s e t t l e .  A heavy yellow  o i l  f e l l  to  the bottom 
o f the  v e s s e l . I t  was sep a ra ted , and p u r if ie d  and on a n a l­
y s i s  gave th e se  f ig u re s i
Weight of TiO^ =  0.0474 gram
" " * WO. 1.9280 *0
TiO^ 0.0474 * 232 1
WOj, 1.9280 »  80 14.09
3. To 50 grams normal sodium tu n g s ta te  in  450 ml w a ter, made 
.Just acid  to  litm u s w ith  d i lu te  hyd roch lo ric  a c id , 10 grams 
potassium  tita n iu m  f lu o r id e  d isso lv ed  in  b o ilin g  w ater were 
g rad u a lly  added w ith  m echanical s t i r r i n g .  The m ixture was 
allow ed to  stand  fo r  h d  f  an hour on th e  w ater bath  and was 
th e n  s ta b le  to  co n cen tra ted  a c id . E x tra c tio n , p u r i f ic a t io n ,  
and a n a ly s is  were c a r r ie d  out as  u su a l.
Weight o f  TiO^ f  WO^  *  0.2386 grams 
" " Ti00 *  0.0045 "
"  WeiSht Ot W)3 S» 0*2341 grams. TiO^s WO^ s *1*18.00*
4* 100 ml b o ilin g  w ater w ith  10 grams normal sodium
tu n g s ta te  and- 8 ml 6N hydroch loric  a c id  were kept 
b o il in g  and m echanically  s tir re d *  The so lu tio n  was a 
t r i p l e  cloudy* 2 grams potassium  tita n iu m  f lu o r id e  in  
b o ilin g  aqueous sa tu ra te d  so lu tio n  were added a t  te n  min- 
-u te  in te rv a le  in  5-10 ml lo ts*  T o ta l volume a f t e r  a l l  
th e  ad d itio n s  was about 200ml* A fte r s tand ing  on a 
w aterbath  fo r  about two and a h i f  hours th e  so lu tio n  was 
s tab le*  E x trac ted , p u r if ie d , and analysed  as usual* 
Weight o f mixed oxides =  1*0660 grams
TiO. 0*0190 *• 232 ^  1
WO^  1.0470 x 80 19*00
These e th e r  a d d itio n  compounds, which a re  obviously  
not 12- tu n g s to t i ta n ic  ac id  nor 10- tu n g s to t i ta n ic  a c id , but 
a p p aren tly  co n ta in  m eta tungstic  acid  as w e ll, have th e  
fo llow ing c h a r a c te r i s t ic  p ro p ertie s*
i .  The ye llow ish  orange so lu tio n  in  e th e r  g rad u a lly  d ep o sits  
tu n g s tic  acid  and becomes g reen ish  blue and f in a l ly  deep blue 
on exposure to  lig h t*
becomes a gpLass-like s o l id ,  so lu b le  in  w a ter, a lc o h o l, and 
ether*
N It TiOi 0.0190 tt
ft -  wo3 =* 1.0470 tt
i i*  When allow ed to  evaporate spon- e th e r - o i l
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i i i .  The aqueous so lu tio n  when t r e a te d
a .  w ith  acid  and warmed, p re c ip i ta te s  a yellow  m icro­
c r y s ta l l in e  compound which con ta in s tita n iu m  and 
tu n g s te n .
b« w ith  a lk a l i  and warmed, decomposes, g iv ing  a t r a n s ie n t  
blue co lo u r, w ith  p re c ip i ta t io n  o f t i ta r t ic  ox ide, 
i i i i .  The so lu tio n  in  a lcoho l dangee from orange to  deep blue 
in  su n lig h t and back to  orange in  the  dark . The a lco h o lic  
so lu tio n  i s  o therw ise p e r fe c t ly  stab le*
i i i i i *  The aqueous so lu tio n  i s  not in d e f in i te ly  s ta b le  but 
g rad u a lly  d e p o sits  a pale yellow  amorphous substance*
Attempt to  Remove M etatungstic A cid.
The e th e r  o i l  prepared by methods p rev io u sly  des- 
-c r ib e d  con tained  on an average, TiO^ and WO^  in  a r a t io  of 
1*20. Presumably, m eta tungstic  acid  i s  p resen t (M argueritte  
and Knorre)} and s in ce  the  D rechsel method o f e x tra c tio n  
excludes tu n g s t ic  acid  in  any o th e r form.
During a ttem p ts  to  prepare th e  ammonium s a l t  o f 12- 
tu n g s to t i ta n ic  ac id  by s a tu ra tio n  o f th e  aqueous so lu tio n  o f 
th e  ac id  w ith  ammonium c h lo r id e , a w hite c r y s ta l l in e  p re c ip i ta te  
was o b ta in ed , alm ost fre e  from tita n iu m . Since ammonium p a ra - 
- tu n g s ta te  i s  th e  l e a s t  so lu b le  o f th e  ammonium tu n g s ta te s ,  i t  
appeared probable th a t  ammonium p a ra tu n g s ta te  was being formed 
from the  m eta tungstic  ac id  p re se n t, or by secondary re a c tio n  
from th e  tu n g s to t i ta n ic  a c id . By analogy w ith  th e  tu n g s to -  
- s i l i c a t e s ,  12- tu n g s to t i ta n ic  ac id  should give r i s e  to  th e  
ammonium s a l t  o f 10- tu n g s to t i ta n ic  a c id , th e  su rp lu s  tu n g s t ic
21.
oxide forming one or o th e r of th e  qmmonium tu n g s ta te s .
Thus, ammonium ch lo rid e  was added to  an aqueous so lu tio n  
o f th e  e th e r - o i l  co n ta in ing  T iO ^ : W O^:: 1 :20 in  th e  
hope th a t  ammonium para tu n g sta te : would be p re c ip i ta te d , 
and th a t  as a r e s u l t  the  m eta tungstic  ac id  would be removed.
A w hite amorphous p re c ip i ta te  came down, was f i l t e r e d  o f f ,  
and th e  f i l t r a t e  was e x tra c te d  w ith  e th e r and su lphu ric  
a c id . A p u r if ie d  specimen o f e th e r - o i l  gave th e se  f ig u re s  
on an a ly sis*
1.1171 gram of the  mixed oxides gave 0.0055 gram TiOa  which 
corresponds to  TiO^ : W0 3 :» 1*68. 10o
The r e s u l t  of t h i s  trea tm en t i s  to  in c re a se , no t decrease , 
th e  p ro p o rtio n  of tu n g sten  in  th e  e th e r - o i l .  I f  th e  r e -  
-a c t io n  i s  as fo llow s:
3 (M)3 ) .9H20 +  10NHJ31= 10HC1 5(NH>f) :L0o12W03.22HgL0 .
m eta tu n g stic  ac id  ammonium p a ra tu n g s ta te
then  th e  hydrogen ion  co n cen tra tio n  i s  g re a tly  in creased  by
a d d itio n  o f ammonium c h lo r id e . As a re s u l t  o f th e  d is tu rb ed
b a lan ce , added com plications may a r i s e ,  so ammonium a c e ta te
was used in  an a ttem pt to  p re c ip i ta te  ammonium p a ra tu n g s ta te .
R esu lts  were very  s im ila r  in  t h i s  c ase .
I f  when ammonium c h lo rid e  i s  added to  a m eta tungsta te
s o lu tio n , th e re  i s  no change in  hydrogen ion  co n ce n tra tio n ,
th e  w hite p re c ip i ta te  which r e s u l t s  i s  ammonium m eta tu n g sta te ;
i f  th e  hydrogen ion  co n cen tra tio n  in c re a se s , th en  th e  w hite
p r e c ip i ta te  i s  ammonium p a ra tu n g s ta te .
(a ) 3H^0.12W0j.a<- q« +  lONH^Cl ~  3 (NH^)^ 0 .1 2WO -^f- 6HC1
22.
(b) 3Hx0.12W03.a .q .  ■* lONH^Cl *f-2H.0 *  StN H j a 0.12W0- •+- 10HC1.
4-/
3 ml m eta tungstic  acid e th e r -o i l  were mede up to  
50 ml w ith  d is t i l le d w a te r ,  and 10 ml p o rtio n s  were t i t r a t e d  
w ith  s tandard  b a ry ta  so lu tio n , using methyl orange as in d ic -  
- a to r .
10 ml m eta tungstic  acid  so lu tio n  9.95 ml b a ry ta .
10 ml sa tu ra te d  ammonium ch lo rid e
so lu tio n  (b lank) ^ 0.00  ml n
1*0 ml m eta tungstic  ac id  so lu tio n
10 ml ammonium c lo r id e  so lu tio n
( p r e c ip i ta te d  f i l t e r e d  o ff )  ^  9.75 ml H
Thus ammonium m eta tungsta te  i s  p re c ip i ta te d ,  and i t  i s  
more so lub le  than  th e  ammonium s a l t  of the  heteropo ly  a c id .
Thus t h i s  method cannot be used to  remove th e  m eta tungstic  a c id .
A lthough, according to  M alaprade, m eta tungstic  ac id  
does not re a c t a t a l l  w ith  s i l i c i c  a c id  to  form tu n g s to s i l ic i c  
a c id , an a ttem pt was made to  d isso lv e  f r e s h ly  p re c ip ita te d  
g e la tin o u s  t i t a n i c  ac id  in  m eta tu n g stic  a c id . The f i r s t  a ttem pt 
was ap p aren tly  su c c e ss fu l, th e  r e s u l t in g  e th e r - o i l  co n ta in in g  
TiO^tWC^ s s l  s 120. The m eta tu n g stic  a c id  had been prepared by 
slow a c id i f ic a t io n  o f sodium p a ra tu n g s ta te  w ith  d i lu te  m ineral 
a c id  and e x tra c te d  w ith  e th e r  and h yd roch lo ric  a c id . When 
e x tra c te d  w ith  su lp h u ric  a c id , the  m eta tu n g stic  a c id  did  not 
d isso lv e  any t i t a n i c  a c id ; the  apparent s o lu b i l i ty  had been due 
to  so lu tio n  o f t i t a n i c  ac id  in  e x tra c te d  hydroch lo ric  a c id , 
which i s  e th e r - s o lu b le . I t  has s in ce  been found th a t  sodium 
m eta tu n g sta te  slowly d is so lv e s  g e la tin o u s  t i t a n i c  ac id  to  form 
th e  heteropo ly  s a l t*
23*
Since i t  appeared im possible to  remove m eta tungstic  
a c id , co n d itio n s  had to  be a l te re d  to  reduce i t s  form ation to  a 
minimum*
A ttem pts to  E lim inate  M etatungstic Acid Form ation.
A ddition of m ineral ac id  to  a lk a l i  p a ra tu n g s ta te s  
produces m ete tu n g sta tes  (M arg u eritte ); th e re fo re , a c e t ic  ac id  
was t r i e d  as a s ta b i l iz in g  ag en t.
The p rep a ra tio n  was c a r r ie d  out ex ac tly  as p rev io u s ly , 
except th a t  6N a c e tic  acid  was used in s te ad  of 6N hydroch lo ric  
ac id  to  prepare  sodium p a ra tu n g s ta te  from th e  normal sodium 
tu n g s ta te .  A nalysis  o f the  e x tra c te d  e th e r - o i l  shows:
0*2643 gram mixed oxides co n ta in  0*0044 gram TiO^ 
i . e .  TiOa : W d i t  1: 20.39
Thus th e  use o f an organic acid  in  p lace o f a m ineral a c id  does 
not suppress m eta tungsta te  formation*
I t  was n o ticed  th a t  mhen th e  e x tra c tio n  m ixture was 
l e f t  to  s tan d , a yellow  m ic ro c ry s ta llin e  m a te r ia l ,  very s im ila r  
in  appearance to  tu n g s t ic  ox ide , came out of th e  acid-aqueous 
layer*  This m a te ria l was found to  con ta in  an ap p rec iab le  
q u a n tity  of t i ta n iu m . S everal specimens were c o lle c te d  from 
d if f e r e n t  e x tra c t io n s ,  an a ly ses o f which w il l  be recorded la te r*  
By h ea tin g  an aqueous so lu tio n  o f th e  e th e r - o i l  w ith  
a l i t t l e  co n cen tra ted  hydroch lo ric  a c id , a s im ila r, but not 
id e n tic a l ,y e llo w  m a te r ia l was produced* In o rd er th a t  a 
specimen o f t h i s  yellow  c r y s ta l l in e  m a te ria l might be obtained^ 
a sample o f e x tra c te d  acid  was prepared in  the fo llow ing  way:
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100 ml w ater co n ta in ing  10 grams normal sodium 
tu n g s ta te  and 8 ml 6N hydrochloric  a c id , was kept b o ilin g  
ahd s t i r r e d  m echanically . A sa tu ra te d  so lu tio n  o f 2 grams 
potassium  iita n iu m  flu o r id e  in  b o ilin g  w ater was 8dded, 5 
ml a t  te n  minute in te r v a ls  to  the  above so lu tion* The s o l-  
-u t io n  was heated on a w ater bath  fo r  two and a h a lf  hours 
and th en  l e f t  to  stand over-n ight*  When te s te d  i t  was s ta b le  
to  concen tra ted  a c id , and was e x tra c te d  w ith  e th e r and 12 
normal su lp h u ric  ac id  in  th e  usual way.
A fte r  p u r if ic a t io n  a sample was analysed :
1.3024 grams o f th e  mixed oxides con ta in  0*0327 gram TiO^ 
i . e .  TiO^ : WO^  t t l t  13 .40 .
A fte r  r e p u r if ic a t io n :
0.9163 grams of th e  mixed oxides co n ta in  0.0247 gram TiO^
1 .e .  TiO^ : WO^  : :  I t  12 .50 .
Thus, an ac id  had been prepared whose com position was c lo se ly  
s im ila r  to  th a t  of 12- tu n g s to s i l i c ic  a c id .
The above p rep a ra tio n  was repeated  fo llow ing  as c lo se ly  
as p o ss ib le  th e  same cnd itions*
A nalysis  showed:
1.0660 grams mixed oxides co n ta in  0.0190 grams TiOa 
i . e .  TiO^ :W0j : :  I t  18.83
Attem pts were th e re fo re  made to  s tan d a rd ise  the  oo n d itio n s  
o f p re p a ra tio n  and e x tra c t io n .
P re p a ra tio n .
In o rder th a t  th e  t i t a n i c  oxide, prepared by h y d ro ly s is  
o f th e  potassium  tita n iu m  f lu o r id e ,  may combine w ith th e  a lk a l i  
para tum gstate  to  give th e  h e teropo ly  s a l t ,  th e  potassium  tita n iu m
25.
f lu o r id e  must be hydrolysed slowly enough so th a t  th e  tita n iu m  
i s  not lo s t  from so lu tio n  as th e  in so lu b le  o x y flu o rid e . So i t  
was added slow ly in  d i lu te  so lu tio n  to  a t o t a l  volume of not 
le s s  th an  350 ml so lu tio n  fo r 25 grams normal sodium tu n g s ta te .  
The s ta b le  m ixture was e x tra c te d  and a sample analysed!:
0.6068 gran mixed oxides co n ta in  0.0078 gram TiOg,
1 .e .  TiO^ t Wfe t t  1 i 16 .48 .
On a d d itio n  o f the  12-normal su lp h u ric  a c id  during 
e x tra c t io n ,  th e  whole so lu tio n  was heated  d ig h t ly ,  and decompos- 
- i t i o n  may have tak en  place in  th e  s tro n g ly  ac id  so lu tio n . 
E x tra c tio n .
In o rder to  prevent t h i s ,  th e  e x tra c tio n  was c a r r ie d  
out as follows*
The beaker co n ta in in g  th e  s ta b le  so lu tio n  was immersed 
in  a freez in g  m ixture and an equal volume o f dry e th e r  added.
The l iq u id s  were s t i r r e d  w ith  a m echanical s t i r r e r  w hile again  
an equal volume of 12N su lphu ric  ac id  was added g rad u a lly  from a 
dropping fu n n e l. A fte r  e x tra c t io n  th e  e th e r - o i l  was allow ed to  
s e t t l e  and sep ara ted  off* P u r if ie d  and an aly sed , th e  fo llow ing 
fig u red  were o b ta in ed .
1.0354 gram mixed oxides co n ta in  0.0316 gram TiO^ 
i . e .  TiO^ s WO^  :* 1* 10 .96 .
A halyses o f specim ens, prepared and e x tra c te d  as des- 
-c r ib e d  , a re  as follows*
(1) 0.8186 gram mixed oxides co n ta in  0*0195 gram TiO^
i . e .  TiO^ * WO^  J* 1* 14.10
(2) 0.8798 gram mixed oxides co n ta in  0*0200 gram Ti02
i . e .  TiO^ : WO^  : t  l i  14.80
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(3) 0.9208 gram mixed oxides con ta in  0.0248 gram TiOa
i . e .  TiO^ t W j  : t  I t  12.46
(4) 1.3320 gram mixed oxides con ta in  0.0375 gram TiO^
i . e .  Ti04 s VD^  ts Is 12.05
Thus, by a d ju s t in g  co n d itio n s  of p rep a ra tio n  and e x tra c t io n ,
samples o f an ac id  corresponding to  12- tu n g s to tita .n ic  a c id  can 
be o b ta in ed . An occasional p rep a ra tio n  g ives a sample low 
in  t i t a n i c  ox ide . For example, a p rep a ra tio n  was c a r r ie d  out 
w ithout c a re fu l adjustm ent of th e  normal sodium tu n g s ta te  to  
sodium p a ra tu n g s ta te . The e th e r - o i l  on an a ly ses  gave 0.0108
gram TiO^ from 0.7934 gram o f th e  mixed o x ides, i . e .  TiO^ tWO t^ 
l i t  25 .10 .
None o f th e  samples o f th e  d th e r - o i l  c r y s ta l l i s e d  on 
ev ap o ra tio n 1 but simply d ried  to  a g la s s ,  i t  i s  not d e f in i te  
w hether th i s  i s  the  12- tu n g s to t i ta n ic  ac id  or a m ixture o f 
m eta tu n g stic  acid  and 1 0 - tu n g s to ti ta n ic  a c id . U n til samples 
a re  prepared co n ta in in g  t i t a n i c  oxide and tu n g s tic  oxide in  th e  
r a t io  I t  10, t h i s  may be w r it te n  as TiO^.1210j  * ^ 0  t  analgous 
to  12- tu n g s to s i l i c ic  a c id .
The Yellow M ic ro c ry s ta llin e  M a te r ia l.
Severa l samples o f th e  yellow  m a te r ia l ,  r e fe r re d  to  e a r l i e r ,  
which i s  formed in  th e  acid-aqueous la y e r  in  th e  e x tra c tio n s  
were ob ta ined  by f i l t e r i n g  o f f ,  washing t i l l  f re e  from a c id  
and drying in  a i r .  These samples were taken  from th e  l a t e r  
e x tra c t io n s  where th e  e x tra c te d  e th e r - o i l  con tained  TiO^ tWOj 
in  th e  approxim ate r a t io  o f I t 12.
F i r s t  Sample, p a le  yellow  m ic ro c ry s ta l lin e  powder 
Weight o f o r ig in a l  m a te r ia l =* 1.0134 grams
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Ig n i t io n  lo s s  (low red  heat) 0.1600 grams
Weight o f mixed oxides 0.8534 grams
Weight o f TiOa 0.0300 grams
Weifcht o f W0  ^ 0.8234 grams
TiO* t WO^  st I t  9.48
em p irica l form ula; TiO^.9.48 1 0 ^ .2 4 ^ 0 . o r Hj|Ti0(Wa 07)5 1.201^0
Second Sample9 game appearance.
Weight o f o r ig in a l  m a te ria l 0.9530 grams
Ig n i t io n  Loss 0.1816 grams
Mixed Oxides 0.7764 grams
Weight o f TiO^ 0.0287 grams
Weight o f WO^  0.7427 grams
TiO^ i WO^  ts 1; 9.61
em p irica l form ula! TiCt^.9.61W03.28Ha0 . o r  H  ^ Ti0(W;L07)5j.24H^0.
Although th o se  two an a lyses would po in t to  t h i s  m a te r ia l as being
of
th e  10-a c id ,th e  w a te r ^ c r y s ta l l is a t io n  i s  d if f e r e n t  and as w il l  
be show n,it i s  very  doub tfu l i f  i t  i s .  Various o th e r samples 
o f t h i s  yellow  m a te ria l have occurred which co n ta in  TiO^ tWO  ^ s; 
1»6.85; l i9 .2 0 ;  l i l 5 .6 3 .  I t  was found th a t  th e  g re a te r  propor- 
- t i o n  o f t i t a n i c  oxide in  th e  e x tra c te d  acid* the  g re a te r  propor-
- t i o n  o f t i t a n i c  oxide in  th e  yellow  m a te r ia l .  A pparen tly , th en ,
t h i s  m a te r ia l formed in  the  sep a ra tin g  funnel i s  a  m ixture o f
decom position p ro d u c ts . Also* when a sample of t h i s  yellow
m a te r ia l co n ta in in g  TiO^ iWOj 1l i t 9 .73 i s  b o il* d  w ith  d i lu te  hydro- 
- c h lo r ic  ac id  i t  lo se s  t i t a n i c  oxide g iv ing  a m a te r ia l having 
TiO^ *W03 i t  I t 27 .20 .
Yellow M ic ro c ry s ta llin e  M ate ria l prepared by h ea tin g  th e  e th e r - o i l
w ith  h yd roch lo ric  a c id .
28.
By h ea tin g  th e  ex tra c te d  e th e r - o i l ,  co n ta in in g  TiO^iWO^s:1:12 
approx im ately , w ith  d i s t i l l e d  w ater co n ta in in g  some concen- 
- t r a t e d  hydroch lo ric  acid  on th e  w a ter-b ath  fo r  from two to  
th re e  days, a deep yellow  c r y s ta l l in e  m a te ria l i s  formed. I t  
i s  d i f f e r e n t  in  appearance from th e  above yellow  m a te r ia ls .  
U n fo rtu n a te ly , a sm all q u an tity  only can be o b ta in ed . Analyses 











Since th e se  compounds a re  more d e f in i te ly  c r y s ta l l in e  and a re  stable 
to  h ea tin g  w ith  hydroch lo ric  a c id , i t  may be th a t  they  a re  two 
d i f f e r e n t  h y d ra tes  o f 10- td n g s to t i ta n ic  a c id .
P ro p e r t ie s .
The ac id  i s  not so lub le  in  w a ter, With d i lu te  a c id , 
ho t o r co ld , i t  i s  unchanged. C austic  a lk a l i  decomposes i t  
im m ediately, p r e c ip i ta t in g  hydrated  t i t a n i c  a c id . I t  i s  in so lu b le  
in  a lco h o l and in  e th e r .
(1) Weight of a i t  d ried  m a te ria l 0.3097
Loss on g en tle  ig n it io n  0.0289
Weight of mixed oxides 0.2808
Weight o f TiO^ 0.0096
E m pirical form ula l0 .8H J0.Ti0^.9.73W 03*
(2) Weight o f a i r  d rie d  m a te ria l 0.2995
Loss on g e n tle  ig n i t io n  0.0495
Weight o f mixed pxides 0.2500
Weight o f TiO^ 0.0090
E m pirical formula* Ti0i .9.6W 0j.24.34H ^)
H9 TiO(WjO-7)yl, 20H,0.
29.
D irec t P rep a ra tio n  o f 1 0 - tu n g s to ti ta n ic  J tf id .
From M arg u eritte ’ s o b se rv a tio n s , which have been
re p ea ted ly  confirmed in  th i s  work, ad d itio n  ac id  to  a l a k l i
p a ra tu n g s ta te , e sp e c ia lly  in  hot so lu tio n , g ives r i s e  q u a n ti t iv e -
- ly  to  a lk a l i  m e ta tu n g sta te . I f  the  s a tu ra tin g  agent Is a lread y
ac id  by h y d ro ly s is , m eta tungsta te  form ation w il l  in e v ita b ly
precede ab so rp tio n  o f t i t a n i c  ac id  by the  p a ra tu n g sta te  to  give
a l k a l i  tu n g s to t i ta n a te .
A one per cent so lu tio n  of potassium  tita n iu m  f lu o r id e
h a s , a t  room tem p era tu re , a p o f about 3.5 and i s  th u s  d is -
H
t i n c t l y  a c id . Since i t  i s  used simply as a source of t i t a n i c  
a c id , being hydrolysed by th e  more a lk a l in e  p a ra tu n g sta te  s o l-  
fu t io n ;  in  o rder to  g ive q u a n ti ta tiv e  s a tu ra t io n , the  t i t a n i c  
ac id  must be taken  up by th e  p a ra tu n g sta te  a t  th e  same r a te  as 
th e  h y d ro flu o ric  a c id  is  se t f re e  by th e  h y d ro ly s is  o f the  po t­
assium  tita n iu m  f lu o r id e .  I f  t h i s  is  not th e  case , w ithou t 
doubt m eta tu n g sta te  w il l  be form sd.
I t  was d iscovered  th a t  sodium tita n iu m  f lu o r d ie ,  when 
prepared  from t i t a n i c  oxide and h y d ro flu o ric  a c id , in  eq u iv a len t 
q u a n t i t ie s ,  and a d d itio n  of the  r e q u is i te  amount o f sodium 
gluoride->was a c r y s ta l l in e  s a l t  analy sin g  in  accordance w ith  th e  
form ula NajTiF^. I ts :a q u eo u s  so lu tio n  was n e u tr a l ,  so here was 
a p o ssib le  s a tu ra t in g  agent which would not a c id i fy  p a ra tu n g s ta te  
to  m e ta tu n g s ta te .
Method o f P rep a ra tio n .
25 grams o f normal sodium tu n g s ta te  were d isso lv ed  in  
400 ml w ater and th e  pH a d ju s ted  to  6 .4  (p a ra tu n g s ta te )  w ith  
n i t r i c  a c id . 3 grams s o lid  tita n iu m  f lu o r id e  were added to  th e  
b o i l in g  m echanically  s t i r r e d  sodiuip p a ra tu n g s ta te  s o lu tio n , where
30.
i t  d isso lv ed  almost imm ediately to  a c le a r  c o lo u rle ss  so lu tion*
This was allow ed to  b o il  and kept s t i r r e d  fo r  two hours, when 
i t  was s ta b le  to  e x tra c tio n  and th e ; ' had f a l le n  to  5*4. I t  
was found th a t  i f  th e  e x tra c tio n  were postponed t i l l  th e  fo llow ing 
day, th e  e th e r - o i l  separa ted  more quickly  and com pletely . A fte r  
p u r i f ic a t io n ,  a n a ly s ts  showed*
0.9588 gram mixed oxides co n ta in  0.0335 gram TiO-^
1 .e .  TiO^ * W05i* 1* 9 .55 .
Many o th e r p rep a ra tio n s  were c a r r ie d  out in  t h i s  way, and 
a l l  o f them gave an e th e r - o i l  co n ta in ing  TiO^* WO3 in  th e  reg ion  
of 1*10.
Other analyses f ig u re s  are*
TiO^ t WO^ : t i t 10.60; TiO^t W03**1*10.50} TiO^t W03 **1*10.45;
TiO^ t WO^**1*10.60} TiO^t W03 s *1*10.67.
The sooner th e  e th e r - o i l  i s  sep ara ted  the  h igher i s  th e  TiO^ 
r a t i o .  Second and th i r d  f r a c t io n s  of e th e r - o i l  co n ta in  p ro g ress­
i v e l y  le s s  t i t a n i c  ox ide , and bbviously  in  s tro n g ly  ac id  so lu ­
t i o n  th e  balance i s  d is tu rb ed  w ith  consequent g en era tio n  o f m eta- 
tu n g s t ic  a c id .
When in  th e  above p re p a ra tio n  th e  sodium tita n iu m  f lu o r id e  
a .
i s  added in  so lu tio n  instead o f in  th e  s o lid  s t a t e ,  th e  TiO^ s WO^  
r a t io  i s  lower e .g .  1*11.60} 1* 12 .5 0 . Here, where the  sodium 
tita n iu m  f lu o r id e  i s  added more slowly th e re  i s  more tim e f o r  
tra n sfo rm a tio n  o fp a ra tu n g s ta te  to  m eta tu n g sta te  on h ea tin g  (K norre).
The e th e r - o i l  from a specimen was d isso lv ed  in  a lco h o l 
and allow ed to  c r y s t a l l i s e  in  a i r .  At f i r s t  a syrupy l iq u id  
appeared which became a c le a r  yellow  g la s s .  When ground up in
a m ortar, i t  c lo se ly  resembled th e  yellow c r y s ta l l in e  
m a te r ia l prepared by trea tm en t o f th e  e th e r o i l  w ith 
hyd roch lo ric  acid*
A nalysis*
0
2*5924 grams were heated a t  110 t i l l  constan t
weight •
Loss a t  110 0*2328 gram.
Loss a t  125 0.0000 gram*
Loss on g en tle  ig n it io n  
(low red  h ea t) 0*1550 gram*
Weight of TiO^ 0*0688 gram.
Weight of WO 3 2*1358 gram*
E m pirical form ula: 10HJl0*Ti0(j.l0W03 *15HX0* o r Hg Ti0(WJL0 7)5 *(H;l0)
P roperties*
This yellow  m a te r ia l i s  in so lu b le  in  w a ter, a c id s ,  
e th e r ,  and a lco h o l. I t  i s  decomposed by c a u s tic  a lk a l i  and 
ammonia, p r e c ip i ta t in g  t i t a n i c  a c id .
SALTS OF TUNGSTOTITANIC ACID*
Sodium S alt*
A s ta b le  so lu tio n  from a sodium tita n iu m  f lo r id e  
p rep a ra tio n  was c r y s ta l l i s e d ,  f i l t e r e d  and c r y s ta l l i s e d  ag» in . 
E ven tually  w ell-form ed c r y s ta ls  appeared, which con tained  sodium,
tu n g s ten  and t ita n iu m . The r a t io  TiO^ : WO 3 was 1: 8.90 and 
th e  substance was probably th e  sodium s a l t  o f th e  10-a c id ,  con- 
-tam ina ted  w ith  a l i t t l e  sodium tita n iu m  flu o rid e*  The s a l t  i s  
very  so lu b le  and th u s  extrem ely d i f f i c u l t  to  obi&in pure# 
Potassium  sa lt*
The potassium  s a l t  o f th e  10-acid  probably e x is t s  in
32*
so lu tio n  vshen potassium  tita n iu m  flu o r id e  i s  used to  s a tu ra te  
potassium  p a ra tu n g sta te  so lu tio n , o r even when i t  i s  used to  
s a tu ra te  sodium p a ra tu n g sta te  so lu tio n . But again  i t  has not 
been found p o ss ib le  to  ob ta in  a specimen pure enough fo r 
a n a ly s is .  When specimens o f th e  f re e  ac id  a re  t r e a te d  w ith  
a lk a l i  carbonate  they  a re  decomposed, so i t  has not been p o ssib le  
to  prepare th e  a lk a l i  s a l t s  by d ire c t  n e u tr a l is a t io n  o f th e  10-  
acid*
Ammonium S a l t .
When a concen tra ted  so lu tio n  o f dodium tu n g s to t i ta n a te ,  
as  i t  had been prepared from sodium p a ra tu n g sta te  by s a tu ra t io n  
w ith  potassium  tita n iu m  f lu o r id e , was a c id i f ie d  w ith  a l i t t l e  
d i lu te  hyd roch lo ric  ac id  and t r e a te d  w ith  a s a tu ra te d  so lu tio n  
o f ammonium c h lo r id e , a brow nish-w hite p re c ip i ta te  came down 
which was washed and analysed*
1* Weight o f  a i r - d r ie d  s a l t  0*5416 gram*
Loss on g en tle  ig n i t io n  0*0724 gram*
Weight of TiO^ 0*0158 gram*
Weight o f WO^  0.4534 gram.
Percentage o f ammonia 3*66$
S a p ir ic a l  formula* 3  (NH^J^O.TiO^.lOWO^lSH^O o r
( I® J t H4 T i0( 'fiL° 7 ) j } 14HA°
2* A second specimen was prepared in  th e  same way*
Weight of a i r  d rie d  s a l t  0*4754 gram.
Loss on g e n tle  ig n i t io n  0*0982 gram.
Weight o f TiO^ 0.0131 gram.
Weight o f WOa, 0*3461 gram*
Percentage o f ammonia 3*81$
33.
E m pirical formula* SCNH^O.TiO^.lOWQ* .43*5H^0 o r
H^jTiOfW^O^)^J»42. SH^O.
These s a l t s  were both prepared from so lu tio n s  from 
Yhich e th e r - o i l s  were e x tra c te d  co n ta in ing  TiO^sWO^ in  th e  
r a t io  o f I t 12 approximately^which would poin t to  th e re  being 
no ammonium s a l t  o f th e  12-a c id , i f  th e re  i s  indeed a 12-a c id , 
Guanidine S a l ts ,
I t  was found in  th e  e a r l i e r  p rep a ra tio n s  o f th e  h e te r ­
opoly a c id , th a t  guanidine hydroch loride p re c ip i ta te d  h e teropo ly  
and iso p o ly  a c id s  to g e th e r  from th e  so lu tio n , as in so lu b le  
guanidine s a l t s .  These s a l t s  a re  amorphous and cannot be sep ar­
a t e d  by r e c r y s t a l l i s a t io n  from w ater.
Reagent*
50 grams guanidine carbonate were n e u tra lis e d  to  methyl 
orange w ith  hyd roch lo ric  acid  and made up to  250 ml w ith  d i s t i l l e d  
w a te r . T his g ives an alm ost sa tu ra te d  s o lu tio n .
An aqudous so lu tio n  co n ta in in g  an e th e r  o i l  o f compos- 
- i t i o n  TiO^sWO^**1*25.10 was t r e a te d  w ith  guanidine hydroch loride  
s o lu t io n . The w hite amorphous p r e c ip i ta te  was washed w ith  d i lu te  
guanidine hydroch loride  so lu tio n , d ra in ed , d ried  and analysed .
0.7604 gram o f th e  s a l t s  contain0.0088 gram TiO^ and 0.6166 gram 
WO .^ i . e .  Ti0£*W03**1*24.16.
Guanidine s a l t s  were prepared from e th e r  o i l s  co n ta in in g  
TiO^iWO  ^ in  th e  r a t io  1*12.88 (A) and 1*12.00 (B ), in  th e  fo llow ing  
way*
About 5 ml o f th e  e th e r  o i l  was dissolved in  d i s t i l l e d  
w ater and th e  e th e r  d riven  o f f  by a c u rre n t o f a i r .  20-25 ml. 
guanidine hyd roch lo ride  w olu tion  were added to  th e  aqueous ® lu t io n
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and caused immediate p re c ip i ta t io n  of w hite amorphous s a l t s .
These were washed w ith  d i lu te  guanidine hydrochloride so lu tio n , 
d ra in ed , a i r - d r ie d  and analysed .
(a ) 0.5076 gram of the  s a l t  co n ta in  0.0110 gram o f TiO^ and
0.4188 gram of WO^ . Guanidine was estim ated  by means o f 
th e  K jeldah l method.
Loss on ig n i t io n  16.70$
T itan ic  oxide 2.17$
Tungstic  oxide 81.09$
Guanidine oxide 12.83$
Water 3.81$
E m pirical formula* 3.5(CN^Hfc)^0.Ti0^.12.9W 03.8H50 o r
(CNJ Ht )7H[Ti0(Wa O7)4 ,7.5HjO.
(b) 0.2636 gram of s a l t  co n ta in  0.0063 gram TiO^ and 0.2174 gram UOj
Loss on ig n i t io n  16.71$
T ita n ic  oxide 2.39$
Tungstic  oxide 80.34$
Guanidine oxide 10.90$
Water 5.8C$
E m pirical formula* 3(CN3Ht )^0.Ti0^.12W 0^•121^0 o r
•llH^O.TiO(W^O^)^
I t  i s  p o s s ib le , but im probable, th a t  th e se  s a l t s  a re  
d e r iv a t iv e s  o f 1 2 - tu n g s to ti ta n ic  a c id . I t  i s  much more probable 
th a t  th ey  a re  m ix tures of guanidine m eta tu n g sta te  and guanidine 
10- tu n g s to t i ta n a te .
A guanidine s a l t  o f th e  10-a c id  has not so f a r  been 
p rep ared , a lthough  i t  could be done d i r e c t ly  by p re c ip i ta t io n  from 
an aqueous so lu tio n  of th e  e th e r - o i l  o f 10- tu n g s to t i ta n ic  a c id .
35.
Barium s a l t .
I t  was found th a t  when barium ch lo rid e  so lu tio n  
was added to  a balanced m ixture from a s a tu ra tio n  w ith  p o t- 
-assium  tita n iu m  flu o r id e  (e x tra c te d  e th e r - o i l  contained  
TiO^ i WO3 : :  1 * 12 approx .) a w hite p re c ip i ta te  co n ta in ing  
a very  sm all percentage of TiO^ was o b ta ined . Barium m eta- 
- tu n g s ta te  cannot be prepared pure by a d d itio n  of barium 
ch lo rid e  to  a lk a l i  m eta tungsta te  so lu tio n  except in  hot d i lu te  
so lu tio n  and in  presence o f a l i t t l e  m ineral a c id . In  cd ld  
co n cen tra ted  so lu tio n  a la rg e  p ropo rtion  of th e  tu n g s ten  is  
p re c ip i ta te d  as th e  very  s l ig h t ly  so lub le  barium t r i tu n g s ta t e  
Ba0.3W03 .6H^0, a h y d ro ly sis  product o f barium  m e ta tu n g s ta te . 
P r e c ip ita t io n  w ith  concen tra ted  barium ch lo rid e  so lu tio n  a t  
room tem perature  th u s  serves to  remove a s u b s ta n tia l  amount 
o f unwanted a lk a l i  m e ta tu n g sta te .
I t  was found, however, th a t  th e  barium tu n g s to t i t -  
-a n a te  could not be obtained  in  s u f f ic ie n t  q u an tity  by t h i s  
method.
When barium c h lo rid e  so lu tio n  was added to  a balanced 
m ixture from a s a tu ra tio n  w ith  potassium  tita n iu m  f lu o r id e , 
which had been a d ju s ted  to  p a ra tu n g s ta te  w ith  su lp h u ric  a c id , 
a heavy w hite p re c ip i ta te  o f barium su lp h a te , barium f lu o r id e  
and barium t r i tu n g s ta t e  was formed. This was f i l t e r e d  o f f  and 
th e  f i l t r a t e  l e f t  to  c r y s t a l l i s e .  Since th e re  was a p o s s ib i l ­
i t y  th a t  th e  barium tu n g s to t i ta n a te  had been c o -p re c ip i ia te d  
w ith  th e  previous p r e c ip i ta te ,  i t  was b o iled  w ith  w ater and th e  
f i l t r a t e  was s e t a s id e  to  c r y s t a l l i s e .  A b e a u ti fu l  w hite 
c r y s ta l l in e  s a l t  came out of t h i s  so lu tio n , but no c r y s t a l l i l -
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- a t io n  took place from th e  f i r s t  f i l t r a t e .  The s a l t ,  which 
was very heavy, was f i l t e r e d  o f f ,  washed w ith  a l i t t l e  w ater, 
a i r - d r ie d  and analysed .
Method o f analy sis*
About 1 .2  grams o f th e  s a l t  was d ried  a t  110° and 
th en  ig n ite d  g e n tly . The res id u e  was fused w ith  sodium carbon- 
- a t e ,  th e  melt e x tra c te d  w ith  w ater, and th e  residue  of barium 
carbonate  and t i t a n i c  oxide washed w ith  sodium carbonate so lu ­
t i o n .  This res id u e  was then  washed w ith  co ld  d i lu te  hydro­
c h l o r i c  a c id , then  hot hydroch loric  ac id  g iv ing  a so lu tio n  
co n ta in in g  th e  barium and most of th e  tita n iu m  as c h lo r id e s . The 
f i l t e r  paper re ta in e d  a l i t t l e  t i t a n i c  oxide and t - n g s t ic  ox ide.
I t  was d ried  and ig n ite d , and the  sodium carbonate fu s io n  rep ea ted . 
The f i l t r a t e  was added to  the main tu n g s ten  e x tr a c t ,  and th e  f i l t e r  
paper was washed w ith  hot d i lu te  hyd roch lo ric  ac id  and w a ter, th e  
washings being added to  th e  main barium -titan ium  e x t r a c t .  The 
p re c ip i ta te d  t i t a n i c  oxide was f i l t e r e d  th rough t h i s  paper. The 
barium was p re c ip ita te d  in  th e  hydroch loric  ac id  so lu tio n  w ith  
d i lu te  su lp h u ric  acid  and th e  ti ta n iu m  w ith  ammonia from th e  f i l ­
t r a t e s  o f th e  barium . The tu n g s ten  was p re c ip i ta te d  w ith  c in ­
c h o n in e  hydroch lo ride  and g en tly  ig n ite d  to  tu n g s tic  ox ide . (When 
th e  p re c ip i ta te  o f t i t a n i c  oxide was coloured i t  was fused again  
w ith  sodium carb o n ate , red isso lv ed  and re p re c ip ita te d  w ith  ammonia).
Analyses of two samples a re  as follows*
A B
Weight o f a i r - d r ie d  s a l t  1.1044 g r .  1.4087 g r .
Loss in  weight a t  110° 0.1064 g r . 0.1354 g r .
Loss on g e n tle  i g i i t i o n  0.0416 g r . 0.0534 g r .
Weight of BaO 0.1498 g r . 0.1927 g r .
Weight of TiO^ 
Weight o f WO3 
T otal w eight •< 1.0670 g r. 1.3888 g r.
0.0268 g r .  0.0334 g r .
0.7424 g r . 0.9739 g r .
From th e se  analy ses f ig u re s  (A) has th e  em pirica l formula*
which shows th a t  th e  barium s a l t  i s  th e  6-b a s ic  24-hyd ra te . 
Calcium S a l t .
There i s  no re fe ren ce  to  a calcium  sa f i. o f 1 0 -tu n g sto - 
s i l i c i c  ac id  in  th e  l i t e r a t u r e .
By n e u tra l is in g  an aqueous so lu tio n  of th e  e th e r - o i l  o f 
10- tu n g s to t i ta n ic  acid  to  methyl orange w ith  ju s t  enough calcium  
carb o n ate , f i l t e r i n g  o f f  any tracfe o f undisso lved  carb o n ate , and 
hea tin g  on a w ater bath  u n t i l  c r y s ta l l i s a t io n  took p lace th e  
calcium  s a l t  o f 1 0 - tu n g s to ti ta n ic  ac id  was ob&fcined. This s a l t  
i s  extrem ely so lu b le .
Method o f a n a ly s is :
a platinum  c ru c ib le  and then  fused w ith  sodium carb o n ate . The 
calcium  carbonate  and t i t a n i c  oxide re s id u e  was f i l t e r e d  o f f  and 
d isso lv ed  in  d i lu te  hyd roch lo ric  a c id . Titanium  was sep ara ted  
from calcium  by adding a fre sh  so lu tio n  of ammonium su lph ide  to  
the  d i lu te d  s o lu tio n , when t i t a n i c  ac id  was p re c ip i ta te d .  This 
sep a ra tio n  was done tw ice  and th e  calcium  was th en  p re c ip i ta te d  
as calcium  o x a la te  and ig n ite d  to  calcium  oxide . The tu n g sten  
was p re c ip i ta te d  as cinchonine tu n g s ta te  anc g en tly  ig n ite d  to
2 . 9BaO. 6 • 9H^0. TiO^ .  9 . 54W0^  *17 .  6H-jO or
(b ) :
About tw) grams o f th e  s a l t  were ig n ite d  g en tly  in
38.
A nalysis
Wsright o f a i r - d r ie d  s a l t 2.1544 gram
Loss on g e n tle  ig n it io n 0.3164 gram
Weight o f CaO 
Weight o f TiO^ 
Weight o f W0~ 





( th i s  t o t a l  weight i s  0.0105 g r . too h igh , probably due to  th e  
calcium  which tedds to  run high when estim ated  in  t h i s  way). 
E m pirical formulas 3 .28Ca0.Ti0:i.10.02W05 .24.8911^0 o r
lTMis barium and calcium  give id e n t ic a l  s a l t s  of 10- tu n g s to ­
t i t a n i c  a c id .
THE MECHANISM OF FORMATION OF TUNG8T0TITANIC ACIDS.
( i f  i t  e x is t s )  and 10- tu n g s to t i ta n ic  ac id  may be p repared , and 
understand ing  o f th e  way in  which th e  re a c tio n  ta k es  p lace is  
n ecessa ry .
The source o f tu n g s ten  i s  an a lk a l i  p a ra tu n g s ta te , 
u su a lly  sodium pafcatungstate. According to  H. Th. S t. B r it to n
and W.L.German, f a i r l y  w e ll-d e fin ed  "b reaks’* in  th e  curve drawn 
from r e s u l t s  o f p o ten tio m e tric  t i t r a t i o n s  o f sodium tu n g s ta te  w ith  
hyd roch lo ric  a c id , occur between pH v a lues 6 .4  and 6 .1 , c o r re s -  
-ponding to  th e  s a l t s  3Na^0.7W0^ and 5Nai,0.12W0^. The l i t e r a t u r e  
i s  not c le a r  as to  which of th e se  re p re se n ts  sodium p a ra tu n g ste .
I t  has been found th a t  a d d itio n  o f 97.2 ml of normal m ineral a c id  
to  25 grams normal sodium tu n g s ta te  in  400 ml w ater g ives a s o l-
In  o rd e r , th a t  pure samples o f 12- tu n g s to t i ta n ic  ac id
73
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-u t io n  w ith  o f 6*4* The sodium tu n g s ta te  in  t h i s  soL u tio n  
corresponds c lo se ly  to  3Na^0«7W0^* A ddition  of a sm all amount
of s tro n g  ac id  or s trong  base a l t e r s  th e  p„ o f the  so lu tio nH
ap p re c ia b ly , which p o in ts  to  the  neighbourhood of an equivalence 
p o in t.
In  l a t e r  p rep a ra tio n s  of 1 2 - tu n g s to ti ta n ic  a c id , th e  
s ta r t in g  so lu tio n  was prepared as described  above, so th a t  the  
Pg was 6*4 and the  s a l t  in  so lu tio n  was 3Na^).7W0^« I f  th e  
potassium  tita n iu m  flu o r id e  were hydrolysed in  i t s  e n t i r e ty  to  
t i t a n i c - a c id  and hy d ro flu o ric  a c id , then  th e  re a c tio n  might be 
rep re sen ted  thus*
(1) 12 (3Na^0*7W0-V TiO^ ■+■ 4HF =  3Na^0*Ti0 *12WO.+ 4NaF-*-1 Na^O
7 7
or
(2) 12 {3tfa^0«7WCL^tTi0^4- 4HF -  41fejL0.Ti0^.12W03+ 16NaF+12HF.
7 7 7
In  equation  (1) th e  re a c tio n  shows e lim in a tio n  of f re e  a l k a l i ,  and
as a r e s u l t  the  re a c tio n  w il l  cease , s in ce  presumably th e  pr o f
so lu tio n s  of he teropo ly  tu n g s ta te s  should be o f th e  same order as
i3
Pr given by eq u iv a len t so lu tio n s  o f m eta tu n g sta tes  ( pr o f 5*8—5.4)*
In  equation  (2) f re e  ac id  i s  l ib e ra te d  and as a r e s u l t  o f i t s
s e t io n  on sodium p a ra tu n g s ta te , m eta tungsta te  w il l  be produced in
s o lu tio n . The so lu tio n  however would be s ta b i l i s e d  and t h i s  i s
not th e  case* The re a c tio n  presumably fo llow s equation  ( l)*
2 eq u iv a len t n i t r i c  ac id  was added to  a p re p a ra tio n  con- 
7
- ta in in g  sodium p a ra tu n g s ta te  and potassium  f lu o r id e  in  th e  r a t io
1*12* This d id  not b ring  about s ta b i l is a t io n *  There was a s l ig h t  
%
whit e p re c ip i ta te  o f t ita n iu m  o x yfluo ride  and th e  pR of th e  so lu tio n  
was 6*2* This was rep eated  on a second p rep a ra tio n  and ex ac tly
40.
th e  same r e s u l t s  were ob ta ined . Thus th e  re a c tio n  is  not 
q u a n t i ta t iv e .  The two so lu tio n s  were mixed and one raole- 
-c u la r  p ro p o rtio n  o f potassium  tita n iu m  flu o r id e  added to  th e  
b o il in g  m ix tu re . Then th e  p ropo rtions in  so lu tio n  were 
12(3Na10.7HD^jK!lTiFt
The so lu tio n  was s ta b le  to  a c id i f ic a t io n  and th e  p was 5 .7 .
n
The e x tra c te d  ac id  when p u r if ie d  and analysed gave TiO^jWO^::1:13.5 
and l t l 3 . 0 .
This was repeated  and th e  r e s u l ts  confirm ed.
Thus th e  s u b s ti tu te d  m eta tungsta tes  e x is t  in  th e  same 
p„ as the  m e ta tu n g sta te s , which i s  what i s  to  be expected,XI
P rep a ra tio n  o f sodium p a ra tu n g s ta te .
12Na>2)WC^*M3.5_HN05 =
This g ives a so lu tio n  of Pjj 6 .4 .
P rep a ra tio n  o f 1 2 - tu n g s to ti ta n ic  a c id .
A dd ition  o f 3 m olecular p ropo rtion  o f potassium  tita n iu m  f lu o r id e  
2
to  12 m olecular p ro p o rtio n  o f sodium p a ra tu n g s ta te  causes s t a b i l i s -  
7
- a t io n .  This may mean th a t  1 2 - tu n g s to ti ta n a te  i s  formed.
12 (3Na^0.7WD^)+3 K^TiF^+5 H^ O =  4Na^0.Ti02.12W 0^i TiOP^+-^6Nart3KF4^ 9HF 
R 2 2 ycf 2 7 7
Although Wyrouboff d esc rib es  sodium 1 2 - tu n g s to s i l ic a te  as
th e  8-b a s ic  s a l t ,  th e  f re e  h y d ro flu o ric  a c id  here would a l t e r  th e  
Pjj o f th e  so lu tio n  more than  from 6 .4  to  5 .8 -5 .4 .
A le s s  b asic  s a l t  may th e re fo re  be formed.
12 (3Na,0.7W)aV  IK.TiF, + 5 H„0 =  3NaX.TiO. .12W0 +-1 Ti0F+3KF-4-30NaF+5HF 
-Tf  ^ 2. ^  2 2 2 7 7
There i s  s t i l l  reserve  of a lk a l i  in  th e  12« tu n g s to t i ta n a te , but i t  
i s  u n lik e ly  th a t  a le s s  b asic  s a l t  i s  formed since th e  re a c tio n  ten d s 
to  become more acid  (p^ changes from 6.4  to  5 .7 ) .  A ddition  o f a
12 (3Na.0.7W0;/)-t-13.5  NaN*.
41.
fu r th e r  sm all q u an tity  of potassium  titan iu m  flu o r id e
causes a gradual decrease in  pH to  5 .2 . Thus probably
th e  s a l t  p resen t in  th e  balanced m ixture i s  rep resen ted
a c c u ra te ly  by th e  formula 3NagO.TiOgj.l2WO^, o r th e  6-b as io  
s a l t .
Tbe ammonium s a l t  is o la te d  from th e se  p rep a ra tio n s  has 
an a ly ses  f ig u re s  which correspond w ith  th e  6-b a s ic  s a l t ,  
but i t  i s  a s a l t  o f the  10-a c id .
P rep a ra tio n  o f 1 0 - tu n g s to ti ta n ic  a c id .
The s a tu ra tio n s  w ith sodium tita n iu m  f lu o r id e  produce 
10- tu n g s to t i ta n a te  i f  th e  s a tu ra tin g  agent i s  added in  the  so lid  
s t a t e .  The s ta r t in g  so lu tio n  i s  again  sodium p a ra tu n g s ta te , 
3Nat O.7Wp0.
The re a c tio n  may be:
(1) 10(3Na20.7W0^+NaaTiF^+5Ha0— 3Na^0.Ti0^.10W0^ 32NaF+10HF
( 2) 10 /3N8L 0.7Wn,V 3Na„TiF, +17H 0 »4Na4,0 .T i0 <l . 10W0,+ 29NaF+17HF 
-y  a z^  3 ~  ~
(3) 10(3Na,0.7Wp.Yf-Na TiF; +12H 0 ® 4Na O.TiO .1OW0 + 18NaF+-24HF
rj tL  %  w rj O  rj rj
Again (2) and (3) a re  exceedingly u n lik e ly  , and th e  re a c tio n  
in  a l l  p ro b a b ili ty  follow s most c lo se ly  equation  (1 ) .
On th e  o th e r hand i t  may be th a t  s a l t s  more ac id  than  th e  
6-b a s ic  a re  formed, o r th a t  th e  h y d ro flu o ric  a c id  se t f re e  during  th e  
re a c tio n  combines w ith a lk a l i  p a ra tu h g sta te  to  giv© m eta tu n g sta te .
On t h i s  b a s is ,  and assuming th a t  th e  s a l t  formed i s  3Na^0.TiQ^10WQg:
2(3Na^0.715^-1 K^TiF^=- 3Na^0 .TiO^.lOWe^Na^O. 4W0^ 4NaF f2 K § -9 t h i s  g iv e s  
th re e  m olecules sodium 10- tu n g s to t i ta n a te  to  one m olesule sodium 
m e ta tu n g s ta te . The a c id , i f  both  a c id s  are  e x tra c te d  com pletely , would have
42.
TiO^:WOj:* 1 :1 4 . For th e  q u a n tit ie s  a c tu a lly  used, 12 sodium
p a ra tu n g s ta te  would req u ire  6potdfcsitutLitanium f lu o r id e  assuming
7
th a t  t h i s  hydrolyses com pletely to  Ti(OH)^ , and the  l a t t e r  i s  
q u a n t i ta t iv e ly  absorbed by th e  a lk a l i  p a ra tu n g s ta te . Experiment 
shanr s th a t  s t a b i l i t y  i s  not reached below 1 .5  m olecules ^potassium 
tita n iu m  f lu o r id e .  Since sa tu ra tio n  of th e  p a ra tu n g sta te  is  
complete when th e re  i s  Ti0^*W0^*»l:10, th e  excess fjrotkswiinn tita n iu m
f lu o r id e  must, i f  th e re  i s  no lo s s  of tu n g s tic  oxide from th e  
s o lu tio n , give r i s e  to  t i t a n i c  ac id  or tita n iu m  o x y flu o rid e ,
being  5 .4 -5 .8  and th u s  above the  a t  which h y d ro ly sis  o f potassium  
t ita n iu m  f lu o r id e  beg ins.
A ctually  however, th e re  i s  a s u b s ta n tia l  amount o f 
m a te r ia l co n ta in in g  both tita n iu m  and tu n g s ten  thrown down during  
th e  s a tu ra t io n . Loss of tu n g sten  w il l  r a is e  the  p ro p o rtio n  o f 
ti ta n iu m  to  tu n g s te n  in  th e  re a c tio n  m ixture and th u s  tend to  
prevent form ation of m eta tungsta te  by leav in g  a lk a l i  oxide in  
so lu tio n  to  tak e  up th e  h y d ro flu o ric  acid  s e t f r e e .  In  a d d itio n  
th e  6-b a s ic  sodium s ^ l t  w il l  u ndoubtedly be capable o f ta k in g  up 
a c e r ta in  amount o f h y d ro flu o ric  acid  to  give a more a c id  s a l t .
w i l l  probably be some m etatungstate  form ation , since t h i s  g ives
i n i t i a l l y  a so lu tio n  o f pu 3.5 fo r  a one per cent so lu tio n . This
n
i s  presumably not th e  case w ith  sodium tita n iu m  f lu o r id e , which 
g iv es  a n e u tra l aqueous so lu tio n . The cnaposition of th e  ac id  pre 
-p ared  w ith  potassium  tita n iu m  flu o r id e  i s  th e re fo re  ambiguous.
7
s e t t in g  f r e e ,  h y d ro flu o ric  a c id , th e  p of th e  balanced m ixtureH
As regards potassium  tita n iu m  f lu o r id e  a t  l e a s t ,  th e re
I t  may be e i th e r
The w e ll-d e fin ed  6-basic  s a l t ,  barium 1 0 - tu n g s to ti ta n a te , can
from 1*10 to  1*20, and oyer# No barium s a l t  o f 1 2 -tu n g sto - 
- t i t a n i c  acid  has been is o la te d ,  though t h i s  ofcourse does not 
prove i t s  n o n -ex istence .
SUMMABY OF RESULTS#
Free a c id .
tu n g s to t i ta n ic  can be considered d e f in i te .  The method o f p re -
-p a ra t io n  shows th a t  th e  apparaent 12-a c id  i s  probably a m ixture
o f th e  10-ac id  w ith  rae tatungstic  a c id , e sp e c ia lly  as some of
th e  e a r l i e r  p rep a ra tio n s  using potassium  tita n iu m  f lu o r id e  as
s a tu ra t in g  agent give TiO^* WO^  h igher th an  1*12# A lso, com-
-}>lexes o f Ti^ w ith  organic a c id s  a re  u su a lly  of th e  t i t a n y l
2type co n ta in in g  TiO •
calcium  s a l t s .  These are  a l l  6-b a s ic ,  the  b e s t defined  being 
the  barium sa lt#
T h e ir form ulae are*
Ammonium sa lt#
From th e  a n a ly t ic a l  po in t o f view, the  anomalous behaviour
be is o la te d  from m ixtures con tain ing  TiO^* WO^  in  any r a t io
From analogy w ith  th e  tu n g s to s i l ic ic  a c id s , only 10-
S a l t s .
The d e f in i te  s a l t s  a re  th e  ammonium , barium and
(N H ^H ^ Ti0(W107 )5 #14H^0.
Calcium sa lt#
Barium s a l t
44.
o f tu n g s ten  in  pyrosulphate fusion  w ith  tita n iu m  can be 
accounted fo r  by th e  form ation of 10- tu n g s to t i ta n ic  acid* 
H ydrolysis o f t h i s  in  acid  so lu tio n  g ives th e  yellow  
s o lid  p rev io u sly  described , c lo se ly  resem bling tu n g s tic  
oxide but co n ta in in g  a d e f in i te  po rpo rtion  of t i t a n i c  
ox ide .
Use of tan n in  in  place of cinchonine as a p re c ip ­
i t a n t  fo r  tu n g s te n , follow ing on a pyrosulphate fu s io n , gave 
accord ing  to  S ch o e lle r a p re c ip i ta te  ® ntaining an ap p rec iab le  
amount o f t i t a n i c  oxide, which was not removed by repeated  
fu s io n  and p re c ip i ta t io n  w ith  ta n n in . There i s  no doubt 
th a t  t h i s  was due to  tan n in  10- tu n g s to t i ta n a te .
PART 2.
HET3R0P0LY TUNGSTEN-IRON COMPLEXES.
In tro d u c tio n .
Since th e  work on tu n g s to t i ta n ic  ac id s  arose  
p rim arily  from an a n a ly t ic a l  problem, i t  seemed d e s ira b le  
to  in v e s t ig a te  th e  p o s s ib i l i ty  o f complexes of tu n g sten  w ith  
o th ere  m etals a sso c ia ted  in  a n a ly s is  m th  tita n iu m . Iro n , 
s in ce  i t  is  c lo se ly  a sso c ia ted  w ith  tita n iu m , and a lso  w ith  
tu n g s te n , in  o res and m in era ls , seemed a su ita b le  cho ice .
A titan iu m -tu n g sten  complex ac id  analogous to  10- 
tu n g s to s i l ic i c  acid  has been prepared . D eriv a tiv es  have 
a lso  been is o la te d  and analysed . These belong to  th e  l im i t -  
- in g  s e r ie s  of he teropoly  compounds, but not to  th e  s a tu ra te d  
s e r ie s ,  and a re  form ulated Hg T ioC w .O ^«xH JD , according to  
Rosenheim and Jaen ick e .
A ttem pts were th e re fo re  made to  prepare iro n -  
tu n g s ten  compounds o f th e  above type* jFeCw^O^J^xH^O and 
FeO(W^ ) 5 ].xHa0.
H is to r ic a l  survey .
H ith e rto  work had been done on compounds of iro n  
and tu n g s ten  by A .Laurent, who fused excess wolfram w ith  p o t- 
-assium  n i t r a t e  and potassium  carb o n ate , and obtained  a r e s -  
- id u e  p a r t ly  so lu b le  in  b o ilin g  w ater, which deposited  on 
co o lin g  a brown gummy mass. On trea tm en t w ith  hydroch lo ric  
a c id  and evaporation  in  hot so lu tio n , t h i s  gave la rg e  s ix -  
sided  prism s w ith  re g u la r  faces  o f th e  type  In
th e  c o ld , th e  s a l t  was not decomposed by concen tra ted  a c id s  nor 
was f e r r i c  hydroxide p re c ip i ta te d  by a lk a l i s .  No p re c ip i ta te
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was produced w ith  potassium  fe rro cy an id e , find more rem arkable,
^he f e r r i c  iro n  was not reduced by su lp h u re tted  hydrogen nor
ammonium su lp h id e . On heating  w ith  potassium  hydroxide or
ammonium hydroxide a " f e r r ic  tu n g s ta te ” was slowly p re c ip i ta te d ,
and a c id  then  p re c ip ita te d  hydrate tu n g s tic  oxide in  q u a n tity .
The " fre e  a c id ” was obtained  from th e  potassium  s a l t
by decom position w ith  c h lo ro p la tin ic  a c id , th e  potassium
c h lo ro p la tin a te  f i l t e r e d  o f f ,  and th e  f i l t r a t e  evaporated  to  a
syrupy mass. The " fre e  acid"  was not analysed . On ig n i t io n
th e  s a l t s  were dehydrated and remained as in so lu b le  re s id u e s .
Treatment o f wolfram w ith  aqua reg ia  and so lu tio n  of
th e  re s id u e  in  ammonia, g ives in  a d d itio n  to  ammonium para-
- tu n g s ta te ,  a mother l iq u o r ,  which on n e u tr a l is a t io n  w ith  hydro-
-c h lo r ic  a c id  forms c ry s ta l l in e  needles o f a s a l t  oo n ta in in g
f e r r i c  i ro n ,  manganese, tu n g s tic  oxide and w a te r . The s a l t  must
have a complex form, as none of th e  fre e  ions a re  d e tec ta b le  in
th e  undecomposed s a l t .  On b o ilin g  w ith  ac id s  or a lk a l i s  th e
m e ta ll ic  oxides a re  d ep o sited . The ammonium s a l t  when t r e a te d
w ith  c h lo ro p la tin ic  ac id  g ives th e  fre e  fe rr i-m a n g an i- tu n g s tic
ac id  as a syrup.
The brown gummy mass described  above, can be b o iled
w ith  sodium carbonate w ithout p re c ip i ta t io n  o f f e r r i c  hydroxide,
and m#st co n ta in  aj a c id  of an o th er type th an  th a t  given by ac id
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t re a tm e n t. The formula^ Laurent a t t r ib u te d  to  some o f h is  
compounds a re  as follows*
9K^0.12HgO. 2F«£ 0 3 • 45W03.  54H^0. 




According to  H.Schwer,and A.Rosenheim and H.Schwer, 
th e se  compounds were not a n a ly t ic a l ly  purd, and th e  pure 
compounds could not be formed by the  bove methods*
The ex istan ce  of th e  iro n  compound of th e  type
bb
M^O.xFe^Oj.yWO-^ was con jec tu red  by C.N.Balke and E.H.Smith*
In more recen t tim es, work has been done by Rosenheim 
b7}bS.
and Schwer# By s a tu ra tio n  of sodium p a ra tu n g sta te  a lu tio n s  
w ith  f e r r i c  ch lo rid e  so lu tio n , added in  small amounts, u n t i l  
th e  f ir s t- fo rm e d  p re c ip i ta te  ceased to  re d is so lv e , they  ob- 
- ta in e d  an orange-coloured so lu tio n , which gave, on trea tm en t 
w ith  potassium  c h lo rid e , ammonium ch lo rid e  and guanidine hydro- 
- c h lo r id e , sp arin g ly  so luble  yellow  c r y s ta l l in e  p r e c ip i ta te s .  
These a re  formulated*
4K^0.Fei 0s «12H?03.a q . or Fe(WO^) J a q .
4(NH^)A0 .F ea0J.12W03.a a  o r (N H ^H ^  jF«(W0%) J . a q .
4(CN?Ht )jO.F«803 . 12W0j .a q . o r (C N ^ H ^ H ^ ( lO * ) tja q .
The tu n g s to fe r r ic  ac id  th ey  described  as a 9 -b as ic  
a c id , and g iv in g  4 -b as ic  su b s ti tu te d  s a l t s ,  as shown by con-
- d u c t iv i ty  experiments# Because o f th e  i n s t a b i l i t y  o f th e
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complex an io n , th e re  a re  no h igher basic  s a lts*
C o n stitu tio n #
On th e  b a s is  o f co n d u c tiv ity  measurements, th e  
tu n g s to f e r r i t e s  a re  regarded as d e r iv a tiv e s  o f the  9 -b asic  
aq . namely tu n g s to fe r r ic  a c id . This ac id  
may be regarded  as a s u b s t i tu te d  analogue o f th e  h y p o th e tic a l
"p a ra tu n g s tic  a c id H H/e ] H,(W Ojfc aq . According to  Rosenheim
%  J 
and Schwer, f e r r i c  i ro n , aluminium and chromium form a number
ac id F®
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of compounds w ith molybdates and a lso  w ith  tu n g s ta te s  co n ta in in g  
an ions of complex nature* They a re , according to  th e  C o-ordina- 
- t io n  Theory, heteropo ly  chrom ites, a lum inates and f e r r i t e s .  
Corresponding to  th e  t r iv a le n t  c e n tra l  atom a re  th e  h y p o th e tic a l
chromium or f e r r i c  iro n , and X i s  tu n g sten  or molybdenum; and 
th e se  compounds a re  d ir e c t ly  re la te d  to  12-tu n g s to b o ric  ac id
amounts o f sodium p a ra tu n g sta te  and f e r r i c  ch lo rid e  so lu tio n  
used in  h is  p re p a ra tio n s , but speaks merely of "exact s a tu ra tio n "  
o f sodium p a ta tu n g s ta te  w ith  f e r r i c  ch loride*
H.Struve claim s to  have obtained  m o lybdoferrites  by
*fo
b o ilin g  a lk a l i  tr im o ly b ta te  w ith  f e r r i c  hydroxide* J .G .G en te le
has prepared  them from so lu tio n s  o f f e r r i c  su lphate  and of
1!
ammonium iro n  alum and ammonium molybdate* E *S teinacker a lso
prepared th e  compounds and described  them*
n
F .P arm en tier obtained  m o lybdoferrite  by h ea tin g  f e r r i c  
oxide w ith  potassium  molybdate in  presence o f w ater in  a sea led
0
tu b e  a t  150 degrees* His compound^was c r y s ta l l in e  andof th e
have been prepared from a sa tu ra te d  so lu tio n  o f sodium param olybdate 
and iro n  alum by trea tm en t w ith  potassium  ch lo rid e  or ammonium
39 -b as ic  s a l t s  o f th e  type M where M i s  aluminium,
Prepara tion ,
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Rosenheim gives no in form ation  as to  th e  r e la t iv e
type*
2Ri 0.Fa, Oj *lOMo& *xH^0.
The potassium  and ammonium s a l t s  th  formulae*
[po(Moq<.)4]3KoO* F«j Oj • 12Mt>0^  * or
3(NHj,O.F*,0,.12HoOv  or
49.
c h lo r id e . The potassium  s a l t  comes out as co lo u rle ss
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c r y s ta ls  w ith  3 molecules of w ater of o n s t i tu t io n .  The
ammonium s a l t  c r y s ta l l i s e s  in  small w hite prisms and was
1b
prepared by Marckwald.
F u rth er work on th ese  s a l t s  was c a r r ie d  out by
v r  i s
R .D .H all and Rosenheim and Schwer.
Isomorphous w ith  th e se  compounds a re  th e  c o r re s ­
p o n d in g  compounds o f aluminium, chromium, t r i - v a l e n t  co b alt
and rhodium described  by Zambonini and C a g lio ti .
Thus, throughout th e  l i t e r a t u r e  heteropo ly  compounds 
o f t r iv a le r r t  iro n  w ith tu n g sten  and molybdenum have been s a l t s  
o f th e  p a ra tu n g sta te  ty p e . No f re e  ac id  e i th e r  of th e  sub­
s t i t u t e d  rae tatungsta te  type o r o f th e  s u b s ti tu te d  paratung-
- s t a t e  type has been d esc rib ed , nor does th e  O rechsel method 
o f  e x tra c tio n  w ith  e th e r  and concen tra ted  su lp h u ric  ac id  seem 
to  have been ap p lied  fo r  t h e i r  i s o la t io n .
a t io n  o f tu n g s to t i ta n ic  a i i d ,  th e re  i s  always th e  s tro n g  poss- 
- i b i l i t y  th a t  m eta tungstic  ac id  w il l  be prepared during  the
p re p a ra tio n  of a s u b s ti tu te d  he teropo ly  a c id . C onditions which 
cause th e  form ation of m e ta tu n g sta tes  from p a ra tu n g s ta te s  must 
be avoided o r suppressed as much as p o ss ib le .
th e  p rep a ra tio n  o f th e  tu n g s to t i ta n ic  compounds, were ap p lied  
on an attem pt to  prepare th e  iro n  anologues, namely
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As has been d iscussed  in  connection w ith  th e  p rep a r-
Methods based on th o se  # t ic h  had been m odified in
S ep ara tio n .
S epara tion  of the  fre e  acid  was attem pted by the  
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D rechsel method, when i f  a heteropoly  acid  of th e  l im itin g  
s e r ie s  i s  p re se n t, th e  m ixture sep a ra te s  in to  th re e  layers*
(1 ) e th e r-w a te r  la y e r  (topm ost).
( 2 ) acid-aqueous la y e r  (middle)*
(3) heavy o i ly  la y e r ,  e th e r  a d d itio n  compound of th e  h e te r -  
-opoly  ac id  (bottommost).
The sep a ra tio n  of th e  free^ ac id  was a lso  e ffe c te d  
th rough  decom position of th e  lead  s a l t  w ith  su lp h u re tted  
hydrogen in  a lco h o lic  so lu tio n .
A n a ly sis .
About 50 drops o f th e  e th e r  o i l  were placed in  a 
weighed platinum  c ru c ib le , heated over a  very sm all flam© 
u n t i l  q u ite  dry and then  ig n ite d  to  a low red  heat fo r  twenty 
m inu tes, cooled and weighed. When c o n s ta n t, t h i s  g ives th e  
we ght o f th e  mixed oxides Fea0^ and WO^ * The mixed oxides 
a re  now fused w ith  sodium carbonate , th e  melt e x tra c te d  w ith  
hot w a ter, the  f e r r i c  oxide f i l t e r e d  o f f  and red isso lv ed  in  
hyd roch lo ric  a c id . The iro n  i s  r e p re c ip i ta te d  w ith  ammonia and 
ig n ite d  to  Fe^O^ which i s  weighed. I f  th e  tu n g s ten  must a lso  
be e stim ated , i t  i s  p re c ip ita te d  from th e  f i l t r a t e  as mercurous 
tu n g s ta te  or cinchonine tu n g s ta te  and ig n ite d  to  th e  oxide WO5 *
PRACTICAL DETAILS OF THE PREPARATIONS.
I t  seemed p o ssib le  th a t  th e  b e s t source of f e r r i c  
iro n  fo r  th e  purpose would be a s a l t  co n ta in in g  iro n  as p a r t 
o f a negative  complex r a d ic le ,  fo r  example an a lk a l i  f e r r i -
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“ f lu o r id e ,  since  in  th e  tu n g sten  complexes of th e  l im it in g  
s e r ie s  th e  a d d itio n a l c o n s ti tu e n t atom i s  undoubtedly neg­
a t i v e  in  c h a ra c te r , e .g .  B, S i, P e t c . .
In  o rd er th a t  the a n tic ip a te d  compound co n ta in s  F^Oj: 
WD^  in  th e  r a t io  I t 24 (1 2 - tu n g s to fe r r i te )  o r I t  20 (1 0 -tu n g sto -
f e r r i t e )  12 molecule normal sodium tu n g s ta te  or 12 molecule
7
sodium p a ra tu n g s ta te  3Na^0.7W0^ must re ac t w ith  a1 l e a s t  one 
m olecule o f potassium  f e r r i f lu o r id e ,  i f  th e  h y d ro ly sis  o f th e  
f e r r i f lu o r id e  i s  q u a n ti ta t iv e . In  th e  f i r s t  p repara t5ons, tw ice 
th e  m olecu lar p ro p o rtio n  of potassium  f e r r i f lu o r id e  was added, 
in  o rd er th a t  an adequate p roportion  of f e r r i c  iro n  would be 
p re s e n t.
( l )  25 grams normal sodium tu n g s ta te  in  400 ml w ater were a c id -
- i f i e d  to  p 6 .4  v/ith n i t r i c  a c id . This so lu tio n  o f sodium 
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p a ra tu n g s ta te  was tr e a te d  w ith  4.325 gram of potassium  f e r r i -  
- f lu o r id e  in  so lu tio n , added dropwise. When th e  so lu tio n  was 
s ta b le  to  s trong  a c id i f ic a t io n ,  i t  was t r e a te d  w ith  e th e r  and 
s tro n g  su lp h u ric  acid  and th e  e th e r  o i l  p u r if ie d  and an aly sed .
0.9050 gram of th e  mixed oxides co n ta in  0.0127 gram of Fe^O^
1 .e .  tWO^st 1 |43 .90
This f e r r i f lu o r id e  s a tu ra tio n  was repeated  sev e ra l 
tim es and th e  e th e r  o i l  always contained  Fefl0  ^ *W0  ^ in  th e  
neighbourhood o f 1 :4 0 . A brownish i t e  res id u e  was thrown out 
o f* so lu tio n , which when te s te d  was found to  co n ta in  a la rg e  
p ro p o rtio n  of iro n . Hence lo s s  o f h y d ro flu o ric  ac id  must have 
tak en  p lace  w ithout auaaompanying ab so rp tio n  o f i ro n . This 
would n e c e s sa r ily  g ive r i s e  to  met a tu n g s ta te  and on e x tra c t io n , 
m eta tu n g stic  a c id . On one occasion excess f lu o r id e  as sodium
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f lu o r id e  was added to  th e  s ta b i l is e d  m ix ture, in  an attem pt 
to  keep th e  iro n  in  so lu tio n . The e th e r  o i l  was found to  
c o n ta in  Fe^sW O^* *1*41.70.
( 2 ) Because o f th e  s l ig h t s o lu b i l i ty  o f potassium  f e r r i f lu o r id e ,  
f e r r i c  f lu o r id e  was t r i e d  as a s a tu ra tin g  agent* This s a l t  
was prepared as a v io le t  c r y s t l l in e  s a l t  by so lu tio n  o f iro n  
w ire in  h y d ro flu o ric  a c id . I t  d isso lv e s  in  w ater ^nd hydrolyses 
only  on long s tan d in g . The method of p re p a ra tio n , p u r if ic a t io n  
and a n a ly s is  were c a rr ie d  out as b e fo re . The sawple o f e th e r  
o i l  gave Fe^O^*WD3i *1:160.
(3) F resh ly  prepared potassium  f e r r i f lu o r id e  was used as a 
s a tu ra tin g  agen t. This was done by adding 1 ml f e r r i c  c h lo rid e  
s o lu tio n  to  1 ml potassium  flu o r id e  so lu tio n  ( th e  so lu tio n s  
an ta in in g  FeCl^ *KFt*l*6) to g e th e r  to  th e  b o ilin g  sodium p a ra - 
- tu n g s ta te  so lu tio n . The e x tra c te d  e th e r  o i l  contained
Fe^Oj:W0^:*1*131*9.
(4) Dropwise a d d itio n  o f f e r r i c  f lu o r id e  so lu tio n  to sodium 
p a ra tu n g s ta te  so lu tio n  con ta in ing  sodium f lu o r id e  was c a r r ie d  
o u t. I t  was hoped by t h i s  method to  overcome th e  d isadvantage 
due to  th e  sm all s o lu b i l i ty  o f a lk a l i  f e r r i f lu o r id e s ,  by 
"p reparing" th e  a lk a l i  f e r r i f lu o r id e  in  s o lu tio n . The propor- 
- t io n s  used were FeCla,*12^Na^0.7W0^* *2 .3g r.* 2 5 g r. The 
s o lu tio n  was s ta b le  and was e x tra c te d  in  th e  usual way. The 
e th e r  o i l  aontained F e ^  *W0^* *1*74.5.
(5 ) Using f e r r i c  alum to  s a tu ra te  th e  a lk a l i  p a ra tu n g s ta te , in  
th e  p ro p o rtio n s  o f 6.84 g r . alum to  25 g r . normal sodium 
tu n g s ta te ,  and om itting  f lu o r id e  from th e  p re p a ra tio n , samples
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o f e th e r  o i l  were prepared which on a n a ly s is  gave 
F e ^  jWO^ * *1*46.43; 1*92.69; 1*113.0.
( 6 ) Using f e r r i c  n i t r a t e  as s a tu ra tin g  ag en t, in  th e  propor­
t i o n s  2Fe(N0^)^ •9H^Oi3J^NaaO«7WO^u5.73 g r.* 2 5 g r. a 
S a tu ra tio n  was c a r r ie d  out as follows*
A so lu tio n  o f 25 grams of normal sodium tu n g s ta te  
in  400 ml w ater a c id i f ie d  to  pH 6*4 w ith  n i t r i c  a c id  was 
kept b o il in g  and m echanically  s t i r r e d  w hile 5.8 grams of 
f e r r i c  n i t r a t e  d isso lv ed  in  500 ml w a ter, was added to  th e  
b o ilin g  so lu tio n  a t  th e  r a te  o f two drops per m inute. As 
each drop was added a yellow ish-w hite  p re c ip i ta te  was formed,
re d is so lv in g  alm ost a t once. When a l l  was added th e  m ixture 
w
was d iv ided  in to  t v  p o rtio n s , and to  one p o rtio n  3 grams 
sodium f lu o r id e  in  aqueous so lu tio n  was added. Then both 
p o rtio n s  were ooncen tra ted to  small bu lk , and both were e x tra c te d  
w ith  e th e r  and su lp h u ric  ac id  in  th e  D reehsel manner.
E ther o i l  e x tra c te d  from th e  dTlrst so lu tio n  (no f lu o r id e  p re s e n t) .  
1.2395 grams mixed oaides co n ta in  0.0395 gram Fe^O^
i . e .  Fe^Oj *W0^  t *1:20.95.
E th er o i l  e x tra c te d  from second so lu tio n  ( f lu o r id e  p resen t ) .
0.9076 gram mixed oxides co n ta in  0.0332 gram Fe^O^
1 .e .  Fe^O^jWO^**1*20.80,
Thus th e  presence o f f lu o r id e  i s  of l i t t l e  acaourrt.
The iro n -c o n te n t o f th e  e th e r  o i l  i s  much h igher when f e r r i c  
n i t r a t e  i s  used as s a tu ra tin g  agent than  w ith  any o th e r f e r r i c  
compound p rev io u sly  t r i e d .  The above f ig u re s  correspond to  
an a c id  o f th e  type  HqlFeOfWjO^)^ .a q .  but when t h i s  method of 
s a tu ra t io n  was repeated  e th e r  o i l s  co n ta in in g  an even h igher
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p ro p o rtio n  o f iro n  were o b ta ined .
R esu lts  o f analy ses  o f samples, prepared by f e r r i c  n i t r a t e  
s a tu ra t io n  as above, are as follows*
Fes 03 iW 3 **1*19.50; 1*17.56; 1*20.38; 1*17.73; 1 :2 1 .5 5 ; 1 :2 0 .5 2
and 1*19.03.
F e rr ic  n i t r a t e ,  as shown by t e s t  w ith  m eta tu n g stic  a c id , 
i s  not e x tra c ta b le  wiLh e th e r  and su lphu ric  a c id . B e rric  c h lo rid e  
might have provided an eq u a lly  s u i ta b le  s a tu ra tin g  ag en t, bu t th e  
s l ig h t  r i s k  of e x tra c tin g  f e r r i c  c h lo rid e  in  s tro n g ly  ac id  so lu tio n  
would be in v o lv ed . Therefore th e  samples of e th e r  o i l  whose 
an a ly ses  f ig u re s  a re  shown above must <mtain iro n  in  th e  form of 
he te ro p o ly  complex, but may oon ta in  m eta tungstic  a c id  as w e ll.
These samples were a l l  deep amber in c o lo u r, and were c le a r  on 
e x tra c t io n ,  showing no t r a c t  o f e m u ls if ic a tio n . Yet th e  f ig u re s  
vary so w idely th a t  th e re  can be ho doubt th a t  a s in g le  compound 
i s  not being produced.
I t  had been fund th a t  w ith  some e x tra c tio n s  o f th e  
e th e r  o i l ,  e m u ls if ic a tio n  o f th e  \ih ole took  p la ce , w ith  th e  
re s u l t  th a t  th e  e th e r  o i l  took longer to  sep a ra te  o u t. When 
th i s  happened, specimenb co n ta in in g  Fe^0^*W0g*:1*60.6; 1*42;
1*139 were formed. The longer th e  e th e r  o i l  took to  sep a ra te  
th e  l e s s  was th e  p ro p o rtio n  of iro n  in  i t .  An example o f t h i s  
p ro g ressiv e  decom position i s  shown by a n a ly s is  of th re e  consecu tive  
samples o f e th e r  o i l  from th e  same p re p a ra tio n .
F i r s t  Sample, deep amber a f t e r  p u r i f ic a t io n  by r e p r e c ip i ta t io n  w ith  
e th e r  from a lc o h o lic  so lu tion*
1.4456 gram mixed oxides oo n ta in  0.0546 gram F e ^ O ^ F e ^  *W0^: *1*17.56
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Second sample, p a le r  amber^as above.
0.7443 gram mixed oxides co n ta in  0.0186 gram Fe  ^O^Fe^O^ ;W0? s : 1 :2 1 .3 7 . 
Third sample, yellow ^as above.
1.1060 gram mixed oxides co n ta in  0.0225 gram Fe^O^ F^OjiWO^ : :1s 33.23.
A ttem pts to  e lim in a te  co n d itio n s  which produced em ulsi-
- f i c a t i o n  le d  to  no d e f in i te  co n c lu sio n s.
Then i t  was found t h f t  i f  more th an  tw ice th e  m olecular
p ro p o rtio n  of f e r r i c  n i t r a t e  was used, th e  p re p a ra tio n  always
em u ls ified  on e x tra c t io n , and th e  e th e r  o i l  when i t  sep a ra ted
con tained  le s s  iro n  than  specimens from p rep a ra tio n s  co n ta in in g
th e tw ice  m olecular p ro p o rtio n .
From a l l  o f th e se  p rep a ra tio n s  a sm all amount of a
brownish sludge comes out tow ards th e  com pletion. Some o f i t
was f i l t e r e d  o f f ,  d rie d  and an alysed , and found to  co n ta in
Fe^O^tWOj in  th e  fo llow ing  r a t io :  1 :3 .2 1 . This might be a
f e r r i c  s a l t  o f a tu n g s to fe r r ic  a c id , so an exact a n a ly s is  o f the
brown sludge from a f e r r i c  n i t r a t e  s a tu ra t io n  was made. The
m a te r ia l was d ried  over ciblcium c h lo r id e .
(a) (b)
Weight of f e r r i c  oxide 15.10$ 15.30$
Ig n it io n  lo s s  13.80$ 14.00$
E stim ation  o f tu n g s t ic  oxide shows th a t  only f e r r i c  ox ide , tu n g s t ic  
°x ide  and w ater were p resen t in  th e  compound . The compound 
3Fe^0.l0W0j.25Hg0 o r 2Fe£HjFe(NO^)5j .  121^0 re q u ire s  14.77$ Fe^O^ 
and 13*84$ H^ O* This corresponds to  th e  above a n a ly s is ,  and 
p o in ts  to  th e re  being a h e te ro p o ly  compound of t h i s  ty p e  in  
so iu tio a*  Normal f e r r i c  tu n g s ta te  (anhydrous) re q u ire s  18.62$
Fe^Oj, and th e  above compound co n ta in s  17.65$ in  th e  anhydrous
56.
s t a t e .  Normal f e r r i c  molybdate was obatined  by
Earckwald as F e ,{MoO)^.45!HaO by mixing two m olecu lar 
p ro p o rtio n s  o f i e r r id  ch lo rid e  w ith  th re e  m olecular 
p ro p o rtio n s  o f sodium molybdate Na^EoO^,, as a brow nish-
yellow  amorphous p r e c ip i ta te .  When sodium param olybdate
wps used in  p lace  o f th e  normal m olybdate, a yellow
p r e c ip i ta te  o f Fe^Oj.SMoOj.xHgO w ith  vary ing  w ater con ten t
was formed. In  p rep a ra tio n  o f th e  ammonium s a l t  o f moly-
-b d o fe r r ic  a c id , 3(NH^,)^0 .Fe^03.12Mo0^.20Hg0 , th e  p en ta-
-m olybdate sep' r a te s  f i r s t  and must be removed.
The brown residue  above i s ,  th e re fo re ,  probably  
a f e r r i c  tu n g s to f e r r i t e  o f th e  pentam olybdate ty p e . I t  
i s  in so lu b le  in  w ater and slow ly decomposed by m ineral a c id s  
w ith  form ation of a f e r r i c  s a l t  and p re c ip i ta t io n  of hydrated  
tu n g s t ic  ox ide .
There i s  no reason to  suspect from any of th e  
is o la te d  p roducts th a t  a tu n g s to fe r r ic  acid  o f  th e  type  
He, Fe (WjO^)^ jxH^O or any o f i t s  s a l t s  a re  being  produced 
in  th e  d escribed  methods o f p re p a ra tio n , but r a th e r  th a t  a 
m ixture o f a low er complex h e tero p o ly  compound o f f e r r i c  
iro n  and tu n g sten  i s  being formed, along w ith  d i f f e r e n t  
p ro p o rtio n s  o f m eta tu n g stic  a c id . I t  may be th a t  th e  
m eta tu n g stic  ac id  i s  being produced e x c lu s iv e ly  during  th e  
e x tra c t io n  s ta g e , by decom position o f th e  h e te ro p o ly  complex 
in  th e  s tro n g ly  acid  s o lu tio n . I t  has been shown c o n c lu s iv e ly  
above th a t  a t  l e a s t  a p o rtio n  o f th e  m e ta tu n g sta te  i s  produced 
in  t h i s  way. The n x tra c ted  a c id  o f com position Fe^O^j WO s^s 
1*18 on an average , i s  s u rp r is in g ly  s ta b le  in  aqueous s o lu t io n . 
The d i lu te s o lu t io n  can be evaporated  re p e a te d ly  to  sm all bulk
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w ith  only a very sm all sep a ra tio n  o f hydrated  tu n g s tic  oxide 
which alm ost f re e  from iron*
Attempt to  e lim in a te  m eta tungstic  acid*
The p ro p o rtio n s  used in  th e  a ttem pted  p re p a ra tio n s  
of th e  h e te ro p o ly  compound from f e r r i c  n i t r a t e  and sodium 
tu n g s ta te  were o r ig in a l ly  2Fe(N0j)j .9H-£) i^NagWO^ or 5*73 grams: 
25 grams i*e* tw ice  th e  m olecular p ro p o rtio n  o f f e r r i c  n i t r a t e
Fe(WjO.,)laq.necessa ry  fo r  th e  p roduction  o f 12- tu n g s to fe r r ic  a c id  H cj 
Thus ju s t  enough f e r r i c  n i t r a t e  was added fo r  th e  form ation  of the  
6- tu n g s to f e r r ic  ac id  H<, Fe(WO^)^J»aq. When f e r r i c  n i t r a t e  was 
used in  t h i s  p ro p o rtio n  e m u ls if ic a tio n  took p lace  on e x tr a c t io n ,  
and i t  was found tteE tthe l e a s t  amount o f f e r r i c  n i t r a t e  n ecessa ry  
fo r  s t a b i l i s a t i o n ,  and th a t  gave th e  c le a n e s t e x tra c t io n s  ril th  e th e r  
and su lp h u ric  a c id , was in  th e  p ro p o rtio n -o f 4*5 grams : 25 grams
sodium tu n g s ta te .  From th e se  p ro p o rtio n s  i t  i s  not p o ss ib le  th a t  
th e  e x tra c te d  e th e r  o i l  co n ta in s  Fe^OjiWOg in  a h ig h e r r a t io  t h a i  
1 :1 5 .3 . Yet th e  a d d itio n  o f more f e r r i c  n i t r a t e  causes e m u ls if i-  
- c a t io n ,  and th e  r e s u l t in g  e th e r  o i l  co n ta in s  even l e s s  f e r r i c  
ox ide . Thus m eta tu n g stic  acid  must be being produced in  th e  
p re p a ra tio n  as w e ll as in  th e  e x tra c t io n .  This can b a ly  be ex- 
-p la in e d  by assuming incom plete h y d ro ly s is  o f th e  f e r r i c  n i t r a t e  
w ith  consequent slow a c id i f ic a t io n  o f th e  a lk a l i  p a ra tu n g s ta te  
so lu t io n . Thus, even i f  i t  were e x tra c ta b le  w ith  e th e r  and s u l ­
p h u r i c  a c id , a pure sample o f th e  ac id  co n ta in in g  Fe^O^WO^: : 1 :12
i . e .  th e  s u b s t i tu te d  acid  o f th e  p a ra tu n g s ta te  type H^Fe(W O^)Jj.xH^O, 
could not be produced by any o f th e  methods so f a r  employed.
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P rep a ra tio n  o f 6- tu n £ s to fe r r ic  a c id .
An attem pt was made to  produce th e  pure ac id  by 
s a tu ra t io n  o f th e  b o ilin g  a lk a l i  p a ra tu n g s ta te  so lu tio n  w ith  
f e r r i c  hydroxide and concurren t slow a c id i f ic a t io n  o f the
n
m ixture w ith  very  d i lu te  m ineral a c id . I t  was hoped by t h i s  
means to  overcome th e  p o s s ib i l i ty  of the  presence of f r e e  a c id  
a t  any tim e which would a t ta c k  th e  el k a l i  p a ra tu n g s ta te .
The c o n d itio n s  o f th e  p re p a ra tio n  a re  as fo llo w s:
To 25 grams normal sodium tu n g s ta te  in  400 ml w ater se t to  
PH 6 •4  by a c id i f ic a t io n  w ith  n i t r i c  a c id , in  th e  c o ld , a 
q u a n tity  o f f e r r i c  hydroxide which had been f r e s h ly  p r e c ip i ta ­
t e d  w ith  emmonia from f e r r i c  ch lo rid e  s o lu t io n , was added.
F e rr ic  hydroxide from 6 grams anhydrous f e r r i c  c h lo r id e  was 
s u f f ic ie n t  fo r  th e  s a tu r a t io n .  The m ixture was heated  and 
s t i r r e d  m echan ica lly , w hile d i lu te  n i t r i c  ac id  (0.02N) was 
added drop by drop in  amount e x ac tly  s u f f ic ie n t  to  reduce the 
Na^Oj WO^ r a t i o  from 3*7, i . e .  p a ra tu n g sta te ., to  3 :1 2 , i , e .  
m e ta tu n g s ta te . At t h i s  s tag e  th e  so lu tio n  had become s ta b le  
to  a c id i f ic a t io n  w ith  © icen tra ted  a c id .
The f i r s t  p re p a ra tio n  which was c a r r ie d  out on th e se  
l in e s  was d iv ided  in to  two portions*
F i r s t  p o r tio n .  E x trac ted  w ith  e th e r  and su lp h u ric  a c id .
The e th e r  o i l  gave on a n a ly s is  th e se  fig u res*
1.1324 grams mixed oxides co n ta in  0.0361 gram Fe^O ^ Fe^O^ *W05 : : 1 : 21.6 '
Second p o r tio n . P re c ip i ta te d  from s o lu tio n  w ith  guan id ine 
h y d ro ch lo ric  s o lu tio n , and th e  yellow  w e ll-d e f in e d  c r y s ta l l in e  
substance analysed*
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1.3787 grams mixed oxides co n ta in  0.0747 gram Fe^O  ^*, Fe^OjiWO^; ; Is 12.02
A second guanid ine s a l t  prepared in  th e  same way was 
analysed^0.5281 gram mixed oxides co n ta in  0.0290 gram Fe^O^Fe^O^sJ WC^ : 
: l :1 1 .8 7 .
Thus th e  complex ac id  which e x is t s  in  so lu tio n  as p re ­
pared by t h i s  method i s  th e  s u b s t i tu te d  p a ra tu n g s tic  ac id  HqjFe(W0^)^j. 
aq . and s tro n g  a c id i f ic a t io n  during  e x tra c tio n  decomposed i t  w ith  
P roduction  o f m eta tu n g stic  a c id , in  which ap p a ren tly  i t  i s  so lu b le  
to  a  c e r ta in  maximum e x te n t , namely |.:1 8 .
I s o la t io n  o f th e  a c id . pefWO^J^ j.xH^O.
The next s te p  was to  e lim in a te  th e  " s tro n g  a c id "  method
IbS
of e x tr a c t io n .  The method th a t  Forcher had used to  i s o la t e  
m e ta tu n g stic  a c id  was a p p lie d .
The balanced m ixture from a p re p a ra tio n  u sin g  tw ice  th e  
m olecu lar p ro p o rtio n  o f f e r r i c  n i t r a t e ,  o r 5.73 grams to  25 grams 
normal sodium tu n g s ta te ,  was co n cen tra ted  to  sm all bul); (50-80 ml) 
and le ad  n i t r a t e  was added to  th e  hot s o lu tio n , p r e c ip i ta t in g  a 
b r ig h t brown c r y s ta l l in e  su b stan ce . This was f i l t e r e d  o f f ,  
d ried  in  a i r ,  suspended in  w ater and su lp h u re tte d  hydrogen 
passed in to  th e  suspension  fo r  from two to  th re e  hours# The 
suspension  tu rn ed  f i r s t  deep brown and ev en tu a lly  b la c k . The 
f i l t r a t e  from th e  lead  su lph ide  was co n cen tra ted  in  a vacuum d es- 
- i c c a to r  to  d ry n ess. The c r y s ta l l in e  mass was th e n  t r e a te d  w ith  
a lc o h o l, in  which i t  p a r t i a l l y  d isso lv ed  to  a deep amber so lu tio n #
When e th e r  was added to  a sample o f th e  a lc o h o lic  s o lu tio n  a 
s t ic k y  b u ff-co lo u red  substance was p r e c ip i ta te d ,  and no e t h e r - o i l  
was produced. Thus th e  bulk o f th e  compound was not o f th e
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me ta tu n g s ta te  ty p e . The amber a lc o h o lic  s o lu t io n  was 
evaporated  in  a vacuum d e s ic c a to r  to  a very  v isco u s l iq u id ,  
and e v e n tu a lly  c r y s ta l s  appeared . They were yellow  and 
very  s o lu b le , and i t  was d i f f i c u l t  to  s e p a ra te  them from th e  
mother l iq u o r .  A sample was o b ta in e d , however, and an alysed  
fo r  iro n  and tu n g s te n .
0.2127 gram mixed oxides con ta ined  0.0118 gram Fe^O^; Fe^O^sWOgs: 
1 :1 2 .1 6 .
This was rep ea ted :
A balanced  m ixture o f sodium s a l t s  from 50 grams 
normal sodium tu n g s ta te  s a tu ra te d  w ith  f e r r i c  hydroxide (a s  
desc rib ed  above) was co n cen tra ted  and t r e a te d  co ld  w ith  excess 
le ad  a c e ta te  s o lu t io n . The le ad  s a l t ,  pAle brown in  c o lo u r , 
was d rie d  in  a i r ,  suspended in  a lco h o l and e x h a u s tiv e ly  t r e a te d  
w ith  su lp h u re tte d  hydrogen. The a lc o h o lic  e x t r a c ts  were 
evaporated  alm ost to  d ry n ess, tak en  up in  15 ml a lc o h o l and 
f i l t e r e d  to  remove a sm all amount o f brown re s id u e .  The dark  
red l iq u id  was mixed w ith  a la rg e  excess o f dry  e th e r ,  which 
p re c ip i ta te d  a s e m i-so lid  mass o f s im ila r  c o lo u r . P a rt o f t h i s  
was placed in ' a  p latinum  c ru c ib le  and an a ly sed .
0.8454 gram o f mixed oxides c o n ta in  0.0448 gram Fe^Oj, Fe^0^:W03 : :
Thus th e  a c id  prepared  th rough  th e  le ad  s a l t  c o n ta in s  
iro n  and tu n g s te n  in  p ro p o rtio n s  re q u ire d  by th e  form ula
As has been mentioned th e  c r y s ta l l in e  m a te r ia l  produced 
by ev ap o ra tio n  o f th e  f i l t r a t e  from th e  le ad  su lp h id e , p repared
1 :1 2 .3 0 .
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s a tu ra t io n  w ith  su lp h u re tte d  hydrogen in  aqueous 
s o lu t io n ,  was only p a r t ly  so lu b le  in  a lc o h o l . The in ­
s o l u b l e  re s id u e  was c o l lo id a l  in  n a tu re ; i t  was f i l t e r e d  
o f f  and d rie d  to  a dark brown Hr e s in - l ik § "  m a te r ia l .
A nalysis  showed i t  to  c o n ta in  Fe^O^WOj s s i s 5. I t  con- 
- ta in e d  n i t r a t e  ion  as w ell as ifcon and tu n g s te n , and 
probably  con ta in ed  b a s ic  f e r r i c  n i t r a t e .  The presence 
o f f e r r i c  n i t r a t e  p o in ts  to  h y d ro ly s is , p o ss ib ly  due in  
th e  f i r s t  in s ta n ce  to  th e  fo rm ation  o f a compound s im ila r
in
to  Fb0.4W0^.Fb(N0^)^.10H^0. Treatm ent o f t h i s  double 
s a l t  w ith  su lp h u re tte d  hydrogen would l i b e r a te  n i t r i c  
a c id  as  w e ll as th e  h e te ro p o ly  a c id , so in  o rd e r to  e lim in a te  
h y d ro ly s is , th e  tre a tm e n t o f th e  le a d  s a l t  suspension  w ith  
su lp h u re tte d  hydrogen was c a r r ie d  out in  a lc o h o lic  s o lu t io n .
Thus trea tm en t o f th e  le ad  s a l t  o f th e  h e te ro p o ly  
a c id  in  non-aquaous s o lu tio n  ^ i t h  su lp h u re tte d  hydrogen
• xH^O.produces th e  f r e e  a c id  o f form ula Hcj jjreO roJ,
P ro p e r t ie s T
The f r e e  ac id  i s  o b ta in ed  in  sm all ye llow  c r y s t a l s ,  
which fuse to  a b lack  mass on g e n tle  h e a tin g , g ive  up w ater 
and coo l to  a dark brown s o l id .
The c r y s ta l s  a re  very  so lu b le  in  w a te r , and tre a tm e n t 
w ith  c a u s t ic  a l k a l i  decomposes them w ith  l ib e r a t io n  o f f e r r i c  
hydrox ide , and s o lu tio n  o f th e  tu n g s te n  as a l k a l i  tu n g s ta te .
SAITS OF TUNGSTOFSRRIC ACID.
Ammonium s a l t .
Rosenheim and Schwer had d e sc rib ed  a s a l t  o f form ula
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^Fe(W O^)^J*aq. a s  a lre a d y  s ta te d  on page 47.
A hot balanced  m ix tu re , prepared  by s a tu r a t in g  sodium 
pa ra tu n g s ta te  s o lu tio n  w ith  f e r r i c  n i t r a t e  s o lu t io n , was d iv -  
- id e d  in to  two p o r t io n s . The f i r s t  p o rtio n  was t r e a te d w ith  
s a tu ra te d  ammonium e h lo rid e  s o lu tio n  and th e  second w ith  s a tu ra te d  
ammonium n i t r a t e  so lu tio n .*  No p r e c ip i ta te  came down in  e i t h e r  
c^ se , bu t on co o lin g  th e  ammonium c h lo r id e  s a tu r a t io n ,  yellow  
c r y s ta ls  appeared which were h e av ily  contam inated w ith  ammonium 
c h lo r id e . These c r y s ta l s  appeared  to  be d ic h ro ic , and on 
a n a ly s is  gave Fe^Oj1 WO3 **1*7.39.
From tlie f i l t r a t e  a orange f in e ly  c r y s ta l l in e
substance s e p a ra te d , in  very  sm all q u a n tity . On a n a l j 's is  t h i s  
substance was found to  co n ta in  Fe^C^WO^i : l s l l . 2.
On co d lin g  and c o n c e n tra tin g  th e  ammonium n i t r a t e  
s a tu r a t io n ,  f in e  yellow  c r y s ta l s  se p a ra te d , which were so lu b le  
in  w ater to  a s l ig h t ly  tu rb id  s o lu t io n .  A n a ly sis  gave th e se  
fig u res*
Weight o f ig n ite d  re s id u e  0.9432 gram.
" H Fe^Oj 0.0446 gram.
- " 10, ( s e p a ra te  e s tim a tio n )  0.8732 gram.
Fe^O^* WO^ : *1*13.50.
This s a l t  con ta in ed  some im p u rity , probably  a sm all amount o f 
sodium s a l t .
These s a l t s  sep a ra ted  in  very  sm all q u a n t i t i e s ,  and in  
an impure s t a t e ,  so t h a t  ao m plete a n a ly s is  have not y e t been 
c a r r ie d  o u t. There can be l i t t l e  doub t, however, th a t  th e y  a re  
d e r iv a t iv e s  o f th e  a c id  HcjjFe(WO^) J . a q .
63*
Potassium  s a l t .
The potassium  s a l t  was d e sc rib ed  by th e  same 
a u th o rs , who p repared  i t  in  th e  same way as th e  ammonium 
s a l t ,  and a sc r ib e d  to  i t  a s im ila r  formula*
Attem pted p re p a ra t io n so f  t h i s  s a l t  by tre a tm e n t of 
th e  balanced  m ixture w ith  po tassium  c h lo r id e  s o lu t io n ,  le d  
to  th e  se p a ra tio n  o f a m inute amount o f a ye llow  c r y s ta l l in e  
s o l id .  On c o n c e n tra tio n  a dark orange red  l iq u id ,  r e s u l te d ,  
from which potassium  n i t r a t e  sep a ra te d  and which was s ta b le  
to  a c id i f i c a t i o n ,  bu t no f u r th e r  c r y s ta l s  s e p a ra te d .
Guanidine s a l t s .
The guan id ine  s a l t  (CN3H^)^HgjFetWO^J^^aq# was p re -
(»s
“i>ared by Rosenheim and Schwer in  a manner s im ila r  to  th e  p o t-  
-assium  and am m onim salts .
Reagent * 50 grams guanid ine carb o n ate  were n e u tr a l is e d  w ith  
h y d ro ch lo ric  a c id  to  m ethyl o range , and made up to  250 ml 
s o lu tio n  w ith  d i s t i l l e d  w ater* 20-25 ml o f  t h i s  reag en t a re  
n ecessa ry  fo r  com plete p r e c ip i ta t io n  from a 25 grams norm al 
sodium tu n g s ta te  q u a n tity  o f  ba lanced  m ixture#
In  th e  e a r l i e r  p re p a ra tio n s  o f th e  guan id ine  sa life , 
i t  was found th a t  as  soon a s  th e  guan id ine  h y d ro ch lo rid e  s o l -  
-u t io n  was added to  th e  balanced  m ix tu re , a p lae  b u ff  amorphous 
compound was p re c ip ita te d #  A f te r  f i l t r a t i o n ,  th e  f i l t r a t e  
which was s t i l l  y e llow , and s a tu ra te d  w ith  guan id ine  hydro - 
-c h lo r id e  slow ly d ep o sited  a d e f in i t e ly  c r y s ta l l in e  yellow  
m a te r ia l ,  le av in g  th e  s o lu tio n  c o lo u r le s s .
A nalyses o f th e  f i r s t  p r e c ip i ta te d  compounds gave r e s u l t s  
fo r  Fe^OjiWD^n o f  from 1:22 to  1*37#54. Never d id a n a ly se s
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of two of th e se  compounds a g ree . Guanidine was estim ated  
by th e  K je ldah l method in  compounds whose Fe^O^sWO^ r a t io  was 
as low as 1 :2 4 .
These guanidine s a l t s  were in so lu b le  and could not be 
r e c r y s t a l l i s e d .  A specimen co n ta in in g  Fe^O^:WD^s:li21 was
analysed  completely*
Percentage of guanidine oxide 12*96$
n w ater (by d if fe re n c e )  3*98$
" f e r r i c  oxide 2*54$
" tu n g s tic  oxide 80*45$
T o ta l....................................................................  99*93$
E m pirical form ula! 3(CN^H^)^0.Fe^0^*21W(^*24H^0 o r
(CN3 % )3 H<.[F8° i i y } * } 9H'30*
Another specimen had an em p irica l form ulai
( C N j H ^  H 5 j"F90(fft 0 7 ) s J .8 H a 0 .
I t  i s  very  probable th a t  th e se  compounds a re  not simple 
s a l ts *  but m ixtures of guanidine m e ta tu n g sta te  w ith  guan id ine 
6- tu n g s to fe r r i te *
The d e f in i te ly  c r y s ta l l in e  second f r a c t io n ,  which 
cannot be c r y s ta l l i s e d  except from th e  mother l iq u o r  was found 
to  be a u th e n tic  guanidine 6- tu n g s to fe r r i te *
A nalyses!-
( l )  Percentage guan id ine oxide 11*12$
" w ater 4*13$
” f e r r i c  oxide 4* 80$
n tu n g s t ic  oxide 80*00$
T o ta l.........................................................  100*05$
E m p irica l formula* (CN^H, )3 H(,jF©(W0^)^1*4Hg0
( 2 ) Percentage guanidine oxide 14*76$
" w ater 3*54$
" f e r r i c  oxide 4*42$
" tu n g s tic  oxide 77*25$
T o ta l...........................................................  99.97$
E m pirical form ula! (CN^Hj^H^FeCWD,,.) ^J*2H^O.
(3) Percentage guanidine oxide 13.37$
" w ater 4*49$
" f e r r i c  oxide 4*41$
ft tu n g s t ic  oxide 77.26$
T o ta l.........................................................  99.53$
E m pirical form ula! S.SCCN^H^^O.Fe^Oj*12\:V0^*10H5j3*
(4) Percentage guanidine oxide 12.13$
” w ater 8 .73$
'* f e r r i c  oxide 4*35$
" tu n g s tic  oxide 74*91$
T o t a l .* . . ................................................. 100.12$
E m pirical form ula! 3*5(CN^I^ )^O.Fe^O^*12WOg*l6*5H^O.
Thus th e  a u th e n tic  guanid ine s a l t  o f th e  ac id  HjreCwoJ 
can be ob tained  by f r a c t io n a l  c r y s ta l i s a t io n  o f  a m ixture o f 
guanid ine s a l ts *  th e  m ixture probably  co n ta in in g  guan id ine  m eta- 
- tu n g s ta te  and guanidine 6- tu n g s to f e r r i t e  only*
When a p re p a ra tio n  from a f e r r i c  hydroxide s a tu r a t io n  
was t r e a te d  w ith  th e  r e q u is i te  amount of guanidine hyd ro ch lo rid e  
s o lu tio n  one compound, deep yellow  and c r y s t a l l i n e ,  came down on 
s tan d in g , There was no second f r a c t io n .  Complete a n a ly s is  of
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t h i s  compound, gave th e se  r e s u l t s :
• Percentage guanidine oxide 9*68/^
•» f e r r i c  oxide
a t e r
T otal
it tu n g s tic  oxide 76*12/£ 
  100.  5 3/»
E m pirical form ula: 2. 5(CN^H  ^)^0«Fe^ 0  ^• 12Vs/0j . 22H^D.
Thus more then  one guanidine s a l t  o f H^jFe(WO^)^ Uaq* e x is t s  
p y r id in e  sa lt*
This compound was prepared in  a s im ila r  way to  th e
guanidine s a lts*
I t  was found th a t  when py rid in e  h y d roch lo ride  was added
to  th e  balanced m ix tu re , th e  whole of th e  tu n g s ten  complex in  
so lu tio n  was p re c ip i ta te d .  Thus th e  d iffe re n c e  in  s o lu b i l i ty  
between p y rid in e  m eta tu n g sta te  and p y rid in e  6- tu n g s to f e r r i t e  i s  
not marked* P yrid ine s e I t s  were th e re fo re p re p a re d  from f e r r i c  
n i t r a t e  s a tu ra tio n  p re p a ra tio n s  to  v e r i fy  th e  r e la t iv e  amounts 
of Fe^O^: and WO^  in  so lu tio n *  I t  was found th a t  th e  p jir id in e  
h y d roch lo ride  b rin g s  down a compound Th ic h  co n ta in s  Fe^O^lWO^ 
in  th e  r a t io  o f 1:15 approx im ate ly , which is ,  th e  p ro p o rtio n s  
a dded.
The pure pyrid ine  s a l t  can be prepared  only from 
f e r r i c  hydroxide s a tu ra t io n  p rep a ra tio n s*  I t  comes down as  
an o i l  and g rad u a lly  c r y s t a l l i s e s  out* I t  was f i l t e r e d ,  d ra in e d , 
and d rie d  in  a i r .
A n a ly s is .
Percentage w ater 19*57$
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Percent---ge guanidine oxide 1 8 .42/£
" f e r r i c  oxide 2.99%
" tu n g s tic  oxide 58. 9 i i
To t a l ............................................................99.89^
E m pirical form ula: 5.5(C£NH£)^O.Fe^ 0^.12W03*57H£0. or
( c 5HfcN)4H j[re(wo# ) ^ .2 7 .5 1 ^0 .
THE MECHANISM OF FORMATION OF 6rTUNGSTOFERPEC ACID.
The f re e  he te ro p o ly  ac id  o f iro n  and tu n g s te n  which 
has been p repared , and i t s  d e r iv a t iv e s ,  are  o f th e  p a ra tu n g s ta te
r I 7*"ty p e . The f re e  ac id  i s  denoted by th e  formula HqjFe(W0^)k # a q ., 
a d e r iv a tiv e  o f th e  h y p o th e tic a l "p a ra tu n g s tic  a c id "
Rosenheim g ives no in fo rm atio n  as to  th e  r e l a t iv e  amounts
9
•a q .
of a l k a l i  p a ra tu n g s ta te  and f e r r i c  ch lo rid e  used in  h is  p re p a ra tio n s  
of th e se  compounds, nor does he express any op in ion  as to  th e  n a tu re  
o f th e  re a c t io n  invo lved .
Since f e r r i c  ch lo rid e  (o r f e r r i c  n i t r a t e )  so lu tio n s  a re  
q u ite  a c id  in  re a c tio n  and sodium p a ra tu n g s ta te  i s  approx im ately  
n a u tr a l ,  i t  seems probable th a t  th e  main a c tio n  i s  th e  removal 
o f a lk a l i  from th e  p a ra tu n g s ta te  by f r e e  a c id  l ib e ra te d  by th e  
h y d ro ly s is  o f f e r r i c  ch lo rid e  in  hot d i lu te  n e u tra l  s o lu tio n , 
w ith  r e s u l t in g  s a tu ra t io n  o f th e  tu n g s ta te  an ion  w ith  f e r r i c  hydrox ide .
Rosenheim’ s form ula o f th e  s a l t s :  4K^0.Fe^0^.12W0^.aq. and 
4(NH^)^0. Fe^0^.12WD^.aq would re q u ire  th e  removal o f two e q u iv a le n ts  
o f a l k a l i  per m o lecu le:-
5Kt 0.12W03 ----- > 4K^0.Fe^03 .12W03
T his i s  eq u iv a len t to  tw o -th ird s  molecule o f f e r r i c  c h lo r id e , assuming
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complete h y d ro ly s is  o f th e  l a t t e r *  The conversion  o f a lk a l i  
tu n g s ta te  o f th e  type  5K^0. 12W0 ^ to  m e ta tu n g sta te  o f  th e  ty p e  
3K^0.12W0^ re q u ire s  th e  removal o f 4% e q u iv a len ts  of a l k a l i .
When t h i s  i s  done by th e  a d d itio n  o f m ineral a c id  a t  a r a te  
s u f f ic ie n t ly  slow to  allow  th e  tu n g s t ic  oxide s e t f re e  to  be 
re d is so lv e d  in  th e  re s id u a l  p a ra tu n g s ta te , th e  r e s u l t in g  s o l­
u t i o n  i s  s ta b le  to  s tro n g  a c id i f ic a t io n  and g iv es  th e  c h a ra c te r­
i s t i c  e th e r  a d d itio n  compound of m eta tu n g stic  a c id  on a d d itio n  
o f e ther*  Rosenheim and Schwer did not apply  th e  D rechsel method 
to  t h e i r  balanced s o lu tio n s , p o ss ib ly  assuming th a t  th e  tu n g s to -  
- f e r r i c  a c id  and i t s  s a l t s  would behave l ik e  th e  p a ra tu n g s ta te s  
and decompose w ith  p re c ip i ta t io n  of hydra ted  tu n g s t ic  ox ide .
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As has a lread y  been s ta te d ,  B r it to n  and German have 
shown th a t  th e re  a re  compounds o f form ulae 3Na^0.7W0^ and 
5Nag0*12W0j ,  th e  form er e x is t in g  in  s o lu tio n  of pjj 6 .4  th e  
l a t t e r  in  so lu tio n  of Pg 6.1* The l i t e r a t u r e  i s  not c le a r  a s  
to  which o f th e se  i s  th e  p a ra tu n g s ta te  o f sodium.
The so lu tio n s  o f sodium p a ra tu n g s ta te  which have been 
used in  th e  f e r r i c  n i t r a t e  s a tu r a t io n  p re p a ra t io n s , were ad - 
- ju s te d  to  ph 6 .4  and th u s  con ta ined  th e  compound 3Na^0.710^. 
Since iro n  i s  te r v a le n t  th e re  i s  a p o s s ib i l i ty  th an  an analogue 
o f 1 2 -tu n g sto b o ric  ac id  might e x i s t .  This would have th e  
form ula H ^ jF eC ijp ^J^ .aq ., and would be o f th e  m e ta tu n g sta te  
ty p e , capable o f e x tra c tio n  from i t s  s a l t s  w ith  e th e r  and 
su lp h u ric  a c id .
During th e  e a r l i e r  p re p a ra tio n s  i t  was re p e a te d ly  
observed th a t  th e  balanced m ixture o f sodium s a l t s  was s ta b le  to
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a c id i f ic a t io n  and gave an e th e r  a d d itio n  compound co n ta in in g
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i ro n  when e x tra c te d  by th e  D rechsel method. The e x tra c te d  
a c id  v a rie d  w idely in  iro n  c o n te n t, g iv ing  v a lu es  o f Fe^O  ^*^>3 
from I t 20 to  I t 120. In  a l l  c a se s , a t  l e a s t  two m olecules 
o f f e r r i c  s a l t  were added per molecule o f sodium p a ra tu n g s ta te , 
and in  each case a permanent p re c ip i ta te  remained a t  th e  end 
o f  th e  p re p a ra tib n .
T ests  to  determ ine th e  r e la t io n s h ip  between th e  p o in t 
a t  which th e  p re c ip i ta t io n  became permanent and th e  p ro p o rtio n  o f  
f e r r i c  s a l t  added, showed th a t  in  fo u r cases t h i s  occurred  when 
f e r r i c  s a l t  corresponding  to  5 .25f 4 .8 5 , 5 .3 7 , 4 .90  e q u iv a le n ts  
o f ac id  had been added. The re a c tio n  th e re fo re  re q u ire s  fo r  com- 
- p le t io n  more th a n  th e  two e q u iv a len ts  o f a c id  re q u ire d  by 
Rosenheim’ s fo rm u la tio a  o f th e  potassium  and ammonium tu n g s to -  
- f e r r i t e s .
The v a r ia t io n  in  hydrogen ion  c o n ce n tra tio n  during  
s a tu r a t io n  has a lso  been followed* Sodium p a ra tu n g s ta te  has
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as s ta te d  above, a pH o f about 6 .4  in  approxim ately  6% so lu tio n *
On co n v ersion  i) sodium m eta tu n g sta te  th e  f a l l s  to  5 .4 -5 .8 ,  and 
i t  i s  reasonab le  to  suppose th a t  sodium s a l t s  o f 12-h e te ro p o ly  
a c id s  would give va lu es  in  the  same re g io n . For th e  s u b s t i tu te d  
p a ra tu n g s tic  a c id s ,  s in ce  th e se  should be s tro n g e r  th an  p a ra -  
- tu n g s t ic  a c id  i t s e l f ,  th e  va lu es  should be in te rm e d ia te  between 
H 6 .4  and 5 .4 .
S a tu ra tio n  o f sodium p a ra tu n g s ta te  w ith  f e r r i c  n i t r a te *
25 grams normal sodium tu n g s ta te  in  400 ml w a ter s e t  to  
Pjj 6 .4  w ith  n i t r i c  a c id .  4 .5  grams f e r r i c  n i t r a t e  (FefNOj)^ *9HA0 ) ,  
which i s  eq u iv a len t to  4 .72 e q u iv a len ts  o f a c id , were used fo r
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s a tu r a t io n . This q u an tity  o f f e r r i c  n i t r a t e  was used in  
so lu tio n  in  550 ml w ater.
A fte r  400 ml so lu tio n  ( 3 grams f e r r i c  n i t r a t e )  added pH c 6 .4 .
" 500 ml " ( 4 " " " ) " pH c 6 .0 .
" 550 ml « ( 4 .5  H " H ) " pH c 4 .0
There was a very  s l ig h t  permanent p r e c ip i ta te  a t  th e  end, and the
2*
so lu tio n  was s ta b le  and e x tra c ta b le  by th e  D rechsel method.
The e th e r  a d d itio n  compound gave F e ^  SWO3 t *1*17.5.
A fte r  r e p u r i f i c a t i o n . . . . .........................   1*18 .5 .
R e p e titio n  o f t h i s  gave s im ila r  r e s u l t s ,  th e  f in a l  pH being  4 .2 -4 .0 ,
and th e  e x tra c te d  a c id  co n ta in in g  Fea 03**W0j :* 1*18. 0.
$4.72 eq u iv a len ts  o f a c id )
This v a lu e .ap p ea rs  to  be c o n s ta n t, and i s  midway between
th a t  req u ired  fo r  production  o f" th e  s u b s t i tu te d  p a ra tu n g s tic  a c id ”
HqJVeCWO^) J . a q .  and th a t  re q u ired  fo r  p roduction  o f " th e s u b s t i tu te d
m eta tu n g stic  a c id "  Hc,^Fe(WA07 )^ J .a q * . The e x tra c te d  ac id  may th u s
be regarded  as e i th e r  an equim olecular m ixture o f th e se  two a c id s ,
or as  a m ixture of H <^© (^0^)^ .©•<!• an<* m eta tu n g stic  a c id
in  th e  r a t io  o f 2i l .
S ince th e re  i s  no permanent p r e c ip i ta te  a t  the  end
p o in t ,  i t  i s  reasonab le  to  assume th a t  th e  balanced  m ixture o f
sodium s a l t s ,  co n ta in s  a l l  th e  added iro n  in  complex form. T h is
i s  proved by t e s t in g  th e  m ixture w ith  potassium  th io c y a n a te
adLution in  absence o f m ineral a c id , when th e  t e s t  i s  n e g a tiv e .
In  t h i s  c a se , F s ^ iW O j fo r  th e  balanced  m ixture should be 1*15 .3 ,
3ince  th e se  a re  th e  p ro p o rtio n s  added.
Since many p re p a ra tio n s  give v a lu es  much below t h i s ,
i t  i s  c le a r  th a t  m eta tu n g stic  a c id  must e n te r  in to  som*, a t  any r a t e .
No evidence has been found o f th e  a c id  H c ^ e ^ O . ^ •a q .
71.
nor i t s  s a l t s ,  and i t  i s  probable th a t  only Fe(W O^)^j.aq and 
^ a re  Pr ®sen^ any tim e . I t  as c l es-r th a t  meta­
tu n g s t ic  acid  i s  formed both in  th e  p re p a ra tio n  and in  th e  e x tra c t io n ,  
and th a t  in  presence of m eta tu n g stic  ac id  tu n g s to fe r r ic  a c id  is
5*
capable o f e x tra c tio n  by th e  D rechsel method.
On th e  b a s is  th a t  sodium p a ra tu n g s ta te  i s  form ulated  
5Nag0.12W0gj th e  s a tu ra t io n  may be expressed  as follows*
(1 ) SlfajO. 12KDj+4Fe( NO, )?» 2  (3ffe£ . Fe (W ^O.^lM ^iNaNO^.
This g ives Fe^O^ilfiO, in  th e  r a t io  of l t l 8y and 4 (Fe(NO^)^ #9H^Oj=3.82 grams
3
Repeated s a tu ra t io n s  di ow th a t  s t a b i l i t y  i s  not reached below 4 grams 
f e r r i c  n i t r a t e .
A lte rn a tiv e ly *
+
(2) l g ( 3 Na^O.7W0j )^lOFo( NO ^ ) =»j>( 3Na^O.Fe^O^• 12WQ^  )2(3Na^0.12HV0^ )+30NaN0^
7 7 7 7 /  \  7
This g iv es  Fe^O^jWO^ in  th e  r a t io  o f  1*16.8 , and 10(Fe(N0^)j .9Hl 0 j»4 .09  g r .
This equation  i s  probably th e  c o rre c t one as  reg a rd s  th e  course o f
s a tu r a t io n .  That th e  r a t io  Fe^O^jWO^ i s  n e a re r  1*18 th a n  1*16.8 i s
probably  due to  th e  lo s s  o f iro n  in  th e  p e riod  b e fo re  th e  e th e r  a d d itio n
compound la y e rs  out com pletely , a m a tte r  o f m inutes a t  l e a s t .
I f  s a tu ra t io n  were com plete, th e  Fe^Oj *W0j r a t i o  fo r  the
balanced  sodium s a l t s  would be 1*12. Then*
(3) 12£3Ife^O.7W0j)1 2Fe( N03) + 6 H^0= 3Na^0.Fe^05 .12W0^+30NaN0^12HN05
2^e(N0  ^^  .9HJ0)* 5.73 grams.
In  t h i s  c a se , hydrogen ion w il l  be s e t  f r e e ,  owing to  th e  lack  of 
balance  between th e  f e r r i c  io n  and th e  tu n g s t ic  ox id e , and t h i s  may 
e ith e r*
(a ) form a more a c id  sodium s a l t ,
(a) l i b e r a t e  f r e e  tu n g s to fe r r ic  a c id ,
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(c ) decompose th e  l a t t e r  w ith  form ation  o f m e ta tu n g stic  a c id .
Since th e  s a tu ra t io n  i s  e s s e n t ia l ly  a h y d ro ly s is  p ro cess , decom- 
-p o s i t io n  o f f e r r i c  n i t r a t e  w i l l  tak e  p lace u n t i l  th e  ph o f th e  
so lu tio n  has f a l le n  below 3.
S a tu ra tio n  of potassium  p a ra tu n g s ta te  w ith  f e r r i c  n i t r a t e .
This was run fo r  purposes o f com parison.
30.8 grams potassium  tu n g s ta te  (K^W0^.2H^0) on trea tm en t w ith  99.7 
ml normal n i t r i c  ac id  g ives a so lu tio n  of pj  ^ 6*4 in  a volume o f 
400 m l. The com position o f th e  s a l t  p resen t corresponds c lo se ly  
to  5K^0.12W0^ o r potassium  p a ra tu n g s ta te . S a tu ra tio n  o f t h i s  s o l-  
-u t io n  w ith  4 .0  grams f e r r i c  n i t r a t e  (F e (N 0 ^  .9H ^0), which i s  
e q u iv a len t to  4.19 eq u iv a len ts  of a c id , gave th e  fo llo w in g  pjj values* 
A fte r  a d d itio n  o f 1 gram f e r r i c  n i t r a t e  in  so lu tio n  pH c 6 .2  
H N II 2 W W "  H »  pH S  4*8
If » it  3  it » it  n » p H c  4 .8
n  n  it  4  it  it  II « h  p H c  4 . 6
The r e s u l t in g  so lu tio n  was s ta b le  to  a c id i f i c a t io n  and e x tra c ta b le  by 
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th e  Drech’s e l  method. The drop in  pH a f t e r  a d d itio n  of th e  seoond 
gram o f f e r r i c  n i t r a t e  shows th a t  th e  b u ffe r  a c tio n  o f  potassium  
p a ra tu n g s ta te  i s  much le s s  marked th an  th a t  o f sodium p a ra tu n g s ta te ,  
b u t here  ag a in  s t a b i l i t y  i s  reached only when the  amount o f f e r r i c  
s a l t  added i s  eq u iv a len t to  4 e q u iv a len ts  o f acid® i . e .  th e  amount 
o f a c id  necessa ry  to  convert SK^O.lEWOg to  3Ka0.F©^0^.12WD^.
This d iffe re n c e  in  behaviour between potassium  and sodium 
tu n g s ta te  i s  p o ss ib ly  due to  th e  f a c t  th a t  t h e l a t t e r ,  in  so lu tio n  
a t  l e a s t ,  i s  r e a l ly  3Na^0.71W^ j and i s  th u s  th e  more a lk a l in e  s a l t .  
The supplem entary Na^O w il l  be s e t f re e  in  th e  change from 3Na^0.7W0^ 
to  3Naa/0 .F e ^ .l2 W C ^ #
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30 grains normal sodium tu n g s ta te  in  400 ml so lu t io n  were
se t  to  pH 6 .4  w ith  n i t r i c  acid  and s a tu ra te d  v/ith 4*93 grains f e r r i c
n i t r a t e  (9 -hydra te )  d isso lv ed  in  600 ml water* 4.93 grams f e r r i c
n i t r a t e  i s  equal to  3 0 e q u iv a len ts  of acid*
7
A fte r  a d d itio n of 100 ml so lu tio n ( 0.822 gram f e r r i c  n i t r a t e )  pH c 6 .4
tt tt " 200 ml » ( 1 .644 " II It ) pH c 6 .4
« it " 300 ml it ( 2.466 " tt n ) pH c 6 .4
♦t it " 400 ml it ( 3.288 " It it ) pH c 6 .4
it  it H 500 ml it ( 4 .110 ” N it ) pH c 6*4
it it " 550 ml it ( 4.521 " It it ) pH c 6 .4
It H H 600 ml « ( 4.932 " »t it ) pH c 5 .8
The so lu tio n  i s  s ta b le  to  s tro n g  a c id , co n ta in s  a very s l ig h t  
p r e c ip i ta te  and e m u ls if ie s  on e x tra c t io n .  The f i n a l  pH in  t h i s  case 
corresponds c lo se ly  w ith  th a t  found in  th e  f e r r i c  hydroxide s a tu ra ­
t i o n s .
As w i l l  be seen from th e  pH v a lu es  quoted sodium para tu n g - 
- s t a t e  a c ts  as a  b u f fe r  o f pH 6*4 up to  th e  a d d itio n  o f 3 grams f e r r i c  
n i t r a t e ,  th e  next gram only low ers th e  pH from 6*4 to  6*0 and th e  
f in a l  0*5 gram causes a sharp  f a l l  from pH 6*0 to  pH 4*0# D uring 
*khe a d d itio n  of th e  f in a l  h a l f  gram, th e  re a c tio n  m ixture i s  e v id e n tly  
in  a  s ta t e  o f unstab le  equ ilib rium * While most p re p a ra tio n s  run 
w ith  a  n eg leg ib le  amount o f p r e c ip i ta te  fo rm atio n , in  some cases 
ex ten s iv e  p re c ip i ta t io n  o f a m a te r ia l  r ic h  in  iro n  occurs* In  such 
cases th e  m other l iq u o rs  c o n ta in  le s s  6- tu n g s to f e r r i t s  and a h ig h e r 
p ro p o rtio n  o f m eta tu n g stic  a c id  and give v a lu es  fo r  Fe^O^iWO^ much 
below th e  1*18 average*
In  th e  l a t e r  s tag e s  4 f s a tu ra tio n ^ h y d ro ly s is  of th e  f e r r i c
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n i t r a t e  becomes in c re a s in g ly  incom plete. Since th e  p r e c ip i ta te  
formed i s  r ic h e r  in  iro n  than  th e  1:12 p ro p o rtio n  p re v a ilin g  in  
th e  mother l iq u o r , n i t r i c  ac id  must be s e t f r e e ,  and i t  i s  pro­
v a b le  th a t  the  m eta tu n g stic  a£ id  a r i s e s  from th e  in te r a c t io n  of 
t h i s  w ith  the  a lre ad y  formed 6- tu n g s to f e r r i t e .  That m ineral 
a c id  has t h i s  e f fe c t  i s  shown beyond doubt in  th e  d ecreasin g
p ro p o rtio n  of iro n  in  successive  f r a c t io n s  o f th e  e th e r  a d d itio n
dd
compounds separa ted  by th e  D reschel method and a lso  by th e  fa c t  
t h a t ,  whereas th e  balanced  m ixture c o n ta in in g  sodium 6- tu n g s to -  
“f e r r i t e  g ives a neg a tiv e  re a c tio n  fo r  th e  f e r r i c  ixn  w ith  
ammonium th io c y a n a te , th e  re a c t io n  becomes p o s it iv e  on th e  a d d itio n  
o f a c id .
When f e r r i c  ammonium alum was used as  a s a tu ra t in g  
a g e n t, th e  e x tra c te d  ac id  gave Fe^O^* WO3 ** 1 :113 . S ince th e  
h y d ro ly s is  o f f e r r i c  su lp h a te  g ives r i s e  to  sp a r in g ly  s  lu b le  
b a s ic  su lp h a te s , w ith  consequent lo s s  o f iro n  from s o lu tio n  and 
l ib e r a t io n  o f su lp h u ric  a c id , th e  low iro n  co n ten t i s  to  be 
expec ted .
In  th e  cases of f e r r i c  n i t r a t e  and f e r r i c  c h lo r id e , the  
b a s ic  s a l t 8 formed a re  more so lu b le  in  w a te r , and rem ain as a 
p o te n t ia l  source of f e r r i c  hydroxide*
A f e r r i c  n i t r a t e  s o lu tio n  in c lu d in g  14 grams hydra ted  
f e r r i c  n i t r a t e  per l i t r e ,  which i s  r a th e r  more co n cen tra ted  th an  
th e  s o lu tio n s  used in  th e  s a tu r a t io n s ,  has a pH va lue  o f  about 1.8. 
T his corresponds to  about 10 per cen t h y d ro ly s is  o f th e  f e r r i c  
n i t r a t e ,  and th e  f e r r i c  n i t r a t e  i s  th u s  in  eq u ilib riu m  w ith  about
£ -  n i t r i c  a c id . As th e  re a c t io n  between a l k a l i  p a ra tu n g s ta te  and 
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f re e  m inera l ac id  to  produce m eta iu n g sta te  i s  q u ite  ra p id , i t  
i s  probable th a t  p a r t e t  l e a s t  o f th e  m eta tu n g stic  ac id  formed 
during  s a tu ra tio n  comes from t h i s  sou rce .
The r e s u l t s  ob ta ined  from th e  h y d ro ly tic  s a tu ra t io n  
showed th a t  th i s  method cannot give a sodium s a l t  of tu n g s to fe r r ic  
a c id  e n t i r e ly  f re e  from sodium m eta tu n g sta te  (see  equations ( 2) and
(3) above).
The a l te r n a t iv e  method, s a tu ra t io n  w ith  f e r r i c  hydrox ide, 
which r e s u l t s  in  th e  form ation  o f 3NagjD.Fe^0j.l2W0^from 3Na^0«7WD^ 
and th u s  invo lves a red u c tio n  of th e  Na^OiWO  ^ r a t i o ,  ta k e s  p lace
w ith  th e  displacem ent of c a u s tic  soda from th e  p a ra tu n g s ta te , thus*
Since th e  s u b s t i tu te d  p a ra tu n g s ta te s  e x is t  only in  s o lu tio n  o f  pH 
le s s  th an  6 .4 , th e  re a c tio n  w i l l  come to  a s t a n d s t i l l  a f t e r  l ib e r a t io n  
o f a sm all amount o f a l k a l i .
necesse ry  to  balance th e  re a c tio n  w i l l  be 30 e q u iv a le n ts . Th®
a c id  must be added in  such a d i lu t io n  and a t  such a r a te  th a t  i t  
r e a c ts  only m th  th e  a lk a l i  s e t f re e  in  th e  s a tu r a t io n  and not th  
th e  sodiuip p a ra tu n g s ta te . A dd ition  o f 0 .2  normal n i t r i c  a c id  a t  
a r a te  o f one drop every  40-50 seconds, g ives s a t i s f a c to r y  r e s u l t s .  
The eq u a tio n  fo r  th e  re a c t io n  then  becomes*
In  t h i s  case th e re  i s  no f re e  ac id  to  cause decom position o f th e  
sodium s a l t  formed, th e  f in a l  pH being  on an average between 5 .8  and 
5 .4 .
(4 ) 5Na^0.l2WC^^2Fe(0H)^= 3Na^0.F€^0^#12W0^ +  4NaOH + H^O.
Since th e  complete conversion
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(5 ) i2(3Na^0.7W0^ )/■ 2Fe(0H)^t-30HN0^~ 3Na^0.F#a 0? .12WCJ4 30NaN0^*f 3 ^ 0  
The guanidine s a l t  p r e c ip i ta te d  from th e  balanced m ixture of 
sodium s a l t s  g ives Fe^O^sWOg : * l i l 2, and i s  th e re fo re  th e  a u th e n tic  
guanidine 6- tu n g s to fe r r i te #  The balanced m ixture o f sodium s a l t s  
i s  s ta b le  to  a c id , but on e x tra c t io n  w ith  e th e r  em u ls if ie s  badly*
In  some cases th e  emulsion p e r s is te d  fo r  se v e ra l days, but in  no 
case was th e re  any marked p r e c ip i ta t io n  of tu n g s t ic  oxide*
compound of th e  type given  by m e ta tu n g stic  ac id  and s u b s t i tu te d  
m eta tu n g stic  acids# In s tead  i t  may give an a d d itio n  compound 
w ith  e th e r  s im ila r  to  th o se  formed by in o rg an ic  a c id s  o f high
e x tra c te d  by th e  D rechsel method in  presence o f m e ta tu n g stic  a c id , 
which makes i t  e n t i r e ly  probable th a t  6- tu n g s td f e r r ic  a c id  has the 
same o r even more pronounced property*
a d d itio n  compound, which has a s tic k y  appearance, c o l le c ts  a t  th e  
e th e r  -w a te r in te rfa c e #
J*Oses iro n  to  g ive m eta tu n g stic  a c id , and when th e  m olecu lar p ro - 
-p o r t io n  has reached 2 s l ,  th e  c h a r a c te r i s t i c  o i ly  la y e r  sep ara tes*
f e r r i c  a c id  cannot be prepared  from th e  sodium s a l t  by e a tr a c t io n  
w ith  e th e r  and su lp h u ric  acid* Treatm ent of th e  lead  s a l t  in  non- 
aqueous so lu tio n  w ith  su lp h u re tte d  hydrogen seems to  be th e  only 
p ra c t ic a b le  method*
This i s  most reasonab ly  exp lained  on the  assum ption th a t  
tu n g s to fe r r ic  a c id ^)w #aq*  does not g ive an e th e r  a d d itio n
m olecular w eigh t, fo r  example, H^^jFeO 
I t  i s  found th a t  c o b a ltic y a n ic  ac id  H i s  ap p rec iab ly
With c o b a ltic y a n ic  ac id  and fe rro c y a n ic  a c id  th e  e th e r
In  th e  s tro n g ly  ac id  so lu tio n *  6- tu n g s to f e r r ic  ac id
The r a t io Fe^O^tWO^8il* 1 8  i s  th u s  an optimum eq u ilib riu m  value




T u n g sto fe rric  a c id  o f form ula H .aq# i s  th e
only iro n - tu n g s ten  heieropo ly  a cid which can be considered  
d e f in i t e .  I t  can be preparedpure only through decorapos.ition of 
th e  le ad  s a l t  w ith  su lp h u re tte d  hydrogen. The o th e r s tan d ard  methods 
fo r  th e  p rep a ra tio n  o f he te ro p o ly  tu n g s tic  a c id s  from t h e i r  sp arin g ­
l y  so lu b le  s a l t s ,  fo r  example, th e  a c tio n  o f c h lo ro p la t in ic  a c id  on 
th e  ammonium s a l t ,  th e  a c tio n  o f h y d ro ch lo ric  a c id  on th e  s i lv e r  or 
mercurous s a l t ,  o r o f su lp h u ric  ac id  on th e  barium s a l t ,  a l l  expose 
th e  ac id  se t fre e  to  th e  s tro n g  ac id  used to  l ib e r a te  i t .  Since
th e  re a c t io n  between th e  sp a rin g ly  so lu b le  complex s a l t  and th e  
c h lo ro p la t in ic ,  hy d ro ch lo ric  o r su lp h u ric  ac id  i s  n e c e s s r r i ly  slow,
^he f r e e  h e teropo ly  ac id  i s  exposed m om entarily to  th e  added a c id , 
r e s u l t in g  in  p o s it iv e  io n is a t io n  o f th e  iro n  and fo rm ation  o f m eta- 
- tu n g s t ic  a c id , g iv in g  a product p o o re rin  iro n  than  th e  s a l t  used as 
s t a r t in g  m a te r ia l .
No a n a lo g u e : o f b o ro tu n g s tic  a c id  e x i s t s ,  which would be form ulated
a
FelW^O-j)^ #aq#
The s a l t s .
The most d e f in i te  s a l t s  a re  th e  guanidine s a l t s  o f th e  
above a c id .  There appears to  be more th a n  one, 3 .5 -b a s ic  and 
2 .5 -b a s ic  s a l t s  o f th e  ac id  Ho Fe(WO^)^l#aq. have been p rep a red .
The ammonium and potassium  s a l t s  d esc rib ed  by Rosenheim, have 
been found to  be extrem ely  so lu b le  and have no t been o b ta ined  pure 
o r in  s u f f ic ie n t  q u a n tity  fo r  a n a ly s is .  I t  may be th a t  th e y  form 
s ta b le  su p e rsa tu ra te d  so lu tio n s#
Hci
PART 2 a .
HETEROPOLY TUIMOSTEN-ALLIHLNIULi AND TUNGS!ZEN- CIIROIAEU1A COMPLEXES. 
H is to r ic a l  survey.
a lread y  been s ta te d  on page 48* They s ta te d  th a t  the  aluminium 
and chromium compounds hydrolyse on stan d in g  end th a t  th e  f e r r i c  
compound hydro lyses immediately*
by H .D aniels . Compounds of t h i s  ty p e  were p repared  by b o ilin g  
a l k a l i  p a ra tu n g s ta te  w ith  f r e s h ly  p r e c ip i ta te d  aluminium 
hydroxide and were ob ta ined  by ev ap o ra tio n  as v itr e o u s  so lid s*  
The method o f  p re p a ra tio n  makes i t  alm ost c e r ta in  th a t  th e se  
p roducts were h eav ily  cntam xnated w ith  c o l lo id a l  aluminium 
hydroxide and were not in d iv id u a ls .
6- tu n g s to fe r r ic  a c id  and i t s  d e r iv a tiv e s  a re  v a l id ,  th e re  i s  no 
reason  th a t  th e  oxides o f o th e r te r v a le n t  m etals should not give 
s im ila r  compounds, provided th e  te r v a le n t  m etal has no ou tstand ing  
tendency to  form complex hydra ted  ions* This th e  chromium ion  
h a s , and th u s  d i f f i c u l t i e s  in  th e  p re p a ra tio n  o f 6-tu n g s to ch ro m ite  
m ight be a n tic ip a te d *  Aluminium should behave s im i la r i ly  to  
f e r r i c  iron*
P r a c t ic a l  d e t a i l s .
chxmium in  t h i s  d i r e c t io n ,  a quick method was used* Although 
i t  has been shown th a t  a pure specimen of tu n g s to f e r r ic  a c id  can 
not be p repared  by s a tu ra t io n  o f a lk a l i  p a ra tu n g s ta te  by a f e r r i c
*1lb
Rosenheim and Schwer desc rib ed  compounds of th e  type 
Hc^M(XO^) in  which M*»Fe^, C r, A l, and X*=W or Mb as  has
A compound o f form ula 
SO
was prepared
I f  th e  conclusions a r r iv e d  a t  in  th e  d isc u ss io n  of
In  o rd e r to  t e s t  th e  p ro p e r t ie s  of aluminium and
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s a l t ,  and th e t  a c e r ta in  p ro p o rtio n  of m eta tu n g stic  acid  
is  n e c e s sa r ily  co n cu rren tly  produced, t h i s  method, i f  ap p lied  
to  aluminium and chromium, w i l l  dnw w hether o r not a h e te ro p o ly  
complex o f th e se  m e ta llic  ions i s  being produced a t  a l l*  The 
m eta tungsta te  form ation can be cut down to  a minimum by a d d itio n  
o f sm all q u a n ti t ie s  of th e  s o lid  s a l t ,  which p reven ts  th e  
a d d itio n  of a so lu tio n  a c id  by h y d ro ly s is  to  th e  a lk a l i  p a ra - 
- tu n g s ta te *  This was the  rap id  method used in  a ttem pted  p rep ar­
a t i o n  o f 6- tu n g sto a lu m in a te  and 6-tungstoch rom ite#
-6 -tu n gstoa lu m in ate ,
The q u a n ti t ie s  of aluminium su lphate  end normal sodium tu n g s ta te  
used were as follows* 12Na . J o y s o ^ . i s H ^ o
6.25 gr* : 0.969 g r .  
in  o rder th a t  th e  h e te ro p o ly  compound would c o n ta in  Al^O^ * WO^ * *3**22# 
6.25 grams normal sodium tu n g s ta te  were d isso lv ed  in  100 ml w ater 
and th e  pH a d ju s ted  to  6*4 w ith n i t r i c  acid# The so lu tio n  was 
kept s t i r r e d  m echan ically , h e a te d , and th e  s o l id  aluminium su lp h a te  
added in  s ix  portions*  Each p o rtio n  produced a p r e c ip i ta te  which 
d isso lv ed  to  a c le a r  so lu tio n  alm ost immediately* A f te r  th e  l a s t  
a d d it io n  of so lid  th e re  was a s l ig h t  w hite g e la tin o u s  p re c ip i ta te *  
When cool th e  so lu tio n  was s ta b le  to  co n cen tra ted  h y d ro ch lo ric  acid# 
Guanidine h y d ro ch lo rid e , which shou ld , by analogy w ith  th e  iro n  
complexes p re c ip i ta te  th e  whole h e te ro p o ly - iso -p o ly  complex im 
so lu tio n  on s tan d in g , was added to  th e  s ta b le  so lu tio n *  An 
amorphous w hite p re c ip i ta te  which came down, was washed w ith  d i lu te  
guan id ine h y d roch lo ride  s o lu t io n , d ra ined  and d rie d  in  a ir#
A n alysis  showed* 0*0203 gram Al^O^ and 0*7251 gram WO^  in  th e  s a lt*  
l*e# Al^O^tWO^**1*15*84*
80.
These a re  th e  p ro p o rtio n s  vyhich would be expected i f  the  
aluminium aci s in  th e  same way as f e r r i c  i ro n ,  see page 10 ,
Thus th e  re i s  a f a i r  chance th a t  6-tu n g sto a lu m in a te  can be 
p repared  as fo llo w s:
1 |(3 N a  jO . 77/03^ 1 2A1 ( OH ^ +  30HN0^ =* 3NaA0 .A lft0 5 .12W^+321feN0g
To 25 grams normal sodium tu n g s ta te  in  400 ml w ater w ith  the  
pH ad ju s ted  to  6 .4  w ith  n i t r i c  a c id , f r e s h ly  p re c ip i ta te d  aluminium 
hydroxide was added in  two p o r tio n s . Aluminium hydroxide p r e c ip i t ­
a t e d  from a t  l e a s t  tw ice th e  m olecu lar p ro p o rtio n  o f hydra ted  
a Tuminium su lphate  was added. The m ixture was s t i r r e d  and heated  and
30 eq u iv a len ts  o f a c id  were added* (10*45 ml 2*907 N n i t r i c  a c id  
7
d ilu te d  to  500 ml and added slow ly from a dropping funnel)*  When 
a l l  th e  acid  h^d been added, i . e .  a f t e r  seven dajrs, th e  excess 
aluminium hydroxide was f i l t e r e d  o f f  and th e  f i l t r a t e  evaporated  to  
80 m l. The pH was now 4*0. The so lu tio n  was s ta b le  to  s tro n g  
a c id i f ic a t io n  and a d d itio n  of e th e r  to  a p o rtio n  o f i t  caused 
p r e c ip i ta t io n  of a w hite "em ulsion”* The s ta b le  so lu tio n  was 
d iv ided  in to  p o r tio n s , ( l )  and ( 2 ) and one h a lf  of i t  was t r e a te d  
w ith  guanidine hydroch lo ride  s o lu tio n . The m ic ro c ry s ta l l in e  w hite 
p r e c ip i ta te  was f i l t e r e d ,  'ashed, a i r - d r ie d  and analysed*
( l )  Method of a n a ly s is  o f guanid ine s a l t .
The s a l t  was h eated  w ith  co n cen tra ted  h y d ro ch lo ric  a c id  
and a l i t t l e  co n cen tra ted  n i t r i c  a c id , which was g ra d u a lly  removed 
by ta k in g  cbwn to  n ear-d ry n ess  tfth added h y d ro ch lo ric  acid* The 
35lu t io n  was evaporated  once o r tw ice  to  sm all b u lk , th e n  d i lu te d  
a l i t t l e  and cinchonine h y d roch lo ride  added in  sm all q u a n t i t ie s  
t i l l  no fu r th e r  p r e c ip i ta t io n .  The c inchonine tu n g s ta te  and excess
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tu n g s tic  a c id  was f i l t e r e d  o f f  and washed w ith  cinchonine 
wash so lu tio n , (3ml cinchonine h y d ro ch lo rid e , 3 ml co n cen tra ted  
h yd roch lo ric  a c id , in  100 ml so lu tio n )*
P r e c ip i ta te :  R ed isso l\red as com pletely  as p o ss ib le  in  d i lu te
ammonia ( l  vol* co n cen tra ted  ammonia : 4 vols* w a te r ) , th e  
re s id u e  washed on th e  f i l t e r  w ith  w ater and th e  papfcr ig n ite d  
in  a platinum  cru c ib le*  The tu n g s ten  i s  r e p re c ip i te te d  w ith  
d i lu te  h y d roch lo ric  a c id , and a l i t t l e  more cinchonine hydro- 
- c h lo r id e , allow ed to  stand  fo r  a few hours, f i l t e r e d  and ig n ite d  
to  tu n g s t ic  oxide*
F i l t r a t e :  Made ju s t  a lk a l in e  to  methyl red  w ith  f r e s h  d i lu te
ammonia, washed w ith  a l i t t l e  w a te r , d rie d  and ig n ite d  in  th e  
platinum  c ru c ib le  w ith  th e  f i r s t  p r e c ip i t a t e .
The p r e c ip i ta te  must be pure w h ite , o therw ise  i t  must 
*>e fused w ith  potassium  b is u lp h a te .
A check on th e  t o t a l  oxides can be got by g e n tle  
ig n i t io n  of an o th er p o rtio n  o f th e  sa lt*  
ftnajysiofc
S a lt co n ta in s  0*0585 gram Al^O^ and 1*6595 gram 7/0^;
A1^03 :W03: 11:12.52
S a lt co n ta in s  0*0305 gram Al^O  ^ and 0.8630 gram ^ ^ 5  
Al^Oj: .70 :^ :1 :!2 .4 4
Thus th e  guanidine s a l t  o f 6-tu n g sto a lu m in a te  i s  formed by 
p r e c ip i ta t io n  from th e  s o lu t io n , so th a t  th e  a l k a l i  6- tu n g s to -  
-a lu m in a te  e x is t s  in  so lu tio n *  The f re e  ac id  has not y e t been 
p rep ared .
( 2) To th e  seoaid p o rtio n  of th e  halo.need m ix tu re , ammonium
ch lo rid e  was added in  s a tu ra te d  so lu tio n *  A fte r  h e a tin g  and
allow ing to  stand fo r  two weeks th e re  was s t i l l  no p r e c ip i ta t io n .
xH^O must he extrem ely so lu b le , o r p o ss ib ly  ten d s  to  form s ta b i  
su p e rsa tu ra te d  so lu tio n s*  The complete absence of p r e c ip i ta te  
shows th a t  th e re  i s  no m eta tu n g sta te  in  so lu tio n *
6-tungstoch io  m ite .
The q u a n t i t ie s  of chromium su lp h ate  and normal sodium tu n g s te  used 
we re as fo llow s! 12 Na jWCty. t Cr;Ji S O ^  •
in  o rd e r th a t  th e  h e te ro p o ly  compound would c e n ta in  C r ^ O ^ i t l i l 2* 
6*25 grams normal sodium tu n g s ta te  were d isso lv ed  in  100 ml w ater 
and th e  pH ad ju s ted  to  6*4 w ith  n i t r i c  a&id* The so lu tio n  was 
kept s t i r r e d  and heated  a s ' b e fo re , and th e  s o l id  chromiun su lp k a te  
added in  s ix  po rtions*  When a l l  was added: th e  so lu tio n  was dark 
green and was not s ta b le  to  co n cen tra ted  acid* A dark green  
g e la tin o u s  m a te r ia l was p re sen t and was f i l t e r e d  off*  The 
f i l t r a t e  was t r e a te d  w ith  guanid ine hy d ro ch lo rid e  so lu tio n  \ii ic h  
p re c ip i ta te d  an o liv e  green amorphous m a te ria l*  This was f i l t e r e d ,  
washed, d ried  and analysed*
S a lt co n ta in s  0*0875 gram Cr^O^and 1*8300 grams WO  ^Cr^O^ xWO^sl:13*70
g e la tin o u s  chromic ox ide , o r &X l e a s t  rith th e  deep green  g e la tin o u s  
m a te r ia l  f i r s t  f i l t e r e d  off* The so lu tio n  had not been s ta b le  to  
co n cen tra ted  a c id , so th e  e x is ten ce  of th e  complex was d o u b tfu l, 
but th e  method o f s a tu ra t io n  w ith  chromic hydroxide was tr ie d *
6S
The ammonium s a l t ,  analogues o f th e  Rosenheim s a l t
6*25 gr* s 0*935 gr*
This p r e c ip i ta te  was alm ost su re ly  contam inated w ith
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25 grams normal sodium tu n g s ta te  was d isso lv eo  m  400 ml 
w ater and the  pH se t to  6 .4  w ith  n i t r i c  a c id . This so lu tio n  
was t r e a te d  w ith  chromic hjrdroxide (p r e c ip i ta te d  from tw ice  
th e  m olecular q u a n tity  of chromium su lp h a te  w ith  ammonia) and 
30 eq u iv a len ts  of n i t r i c  acid  added very slow ly as b e fo re .
The so lu tio n  became dark o liv e  green in  c o lo u r. A fte r  a l l  the  
a c id  had been added a heavy b lu e -g reen  p re c ip i ta te  was f i l t e r e d  
o f f .  This p re c ip i ta te  con tained  much chromic oxide and some 
tu n g s tic  ox ide . The f i l t r a t e  was dark fco ttle  green and s ta b le  
to  acid • A sm all p o rtio n  o f i t  was t r e a te d  w ith  e th e r  and s u l-  
-p h u ric  a c id , when th e  c h a r a c te r i s t i c  th re e  la y e r s  appeared .
The' bottom la y e r  looked opaque, a p a le  green  em ulsion. I t  
con tained  a sm all amount o f chromium.
The bulk of th e  s ta b le  so lu tio n  was p re c ip i ta te d  w ith  guanid ine 
hyd roch lo ride  s o lu tio n , and th e  pa le  green amorphous p r e c ip i ta te  
was f i l t e r e d  o f f ,  d ried  and analysed*
Method of a n a ly s is .
The guanidine s a l t  was heated  w ith  25/£ c a u s t ic  soda 
so lu tio n  t i l l  com pletely  d isso lv ed  and then  d ilu te d  t i l l  th e  
s tre n g th  was 5 /  and heated  u n t i l  th e  chromic hydroxide had 
f lo c c u la te d . At th i s  s tag e  su lphur d iox ide  was passed in to  
th e  so lu tio n  fo r  a sh o rt tim e in  o rd e r to  prevent any o x id a tio n  
t o  chrom ate, and a lso  t in c e  th e  sodium s u lp h ite  formed h e lp s  th e  
f lo c c u la t io n  of th e  chromic hydroxide*
The chromic hydroxide was f i l t e r e d  th rough  a paper which
had been washed w ith in  5$ c a u s tic  soda co n ta in in g  a l i t t l e  sodium
su lp h a te , and th e  p r e c ip i ta te  was washed w ith  th e  same so lu tio n *  
The p r e c ip i ta te  was d isso lv ed  in  d i lu te  h y d ro ch lo ric  acid and
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and re p re c ip ita te d  ”rxth ammonia using  n e t by 1 red as in d ic a to r .
The p r e c ip i ta te  was ig n ite d  to  chron ic  oxide and weighed.
The tu n g s ten  was p re c ip i ta te d  in  the  f i l t r a t e  w ith  
c inchonine hydroch lo ride  and g e n tly  ig n ite d  to  tu n g s te n  to  
oxide#
A nalysis*
S a lt con ta in s  0.0193 gram Cr^O^ und 1*6824 gram
WO 5 Cr 02 tUlfO ai l :  57 .10 . As expected th e re  is  .much mete tu n g s ta te  v A * v
p re se n t.
A second dark brownish green c r y s ta l l in e  p re c ip i ta te  
appeared in  very  sm all q u a n tity  from th e  f i l t r a t e .  I t  may be 
the  a u th e n tic  s a l t  of 6-tu n g s to ch ro m ite , bu t the amount i s  
n e g l ig ib le .  The bulk o f th e  chromium must have been p re c ip ­
i t a t e d ,  from the  s o lu tio n , i t  may be as a complex of th e  type
C rL(0H A .(C H 3C00) • f w ith  consequent a c id i f ic a t io n  o f th e
p a ra tu n g s ta te  to  m e ta tu n g sta te , shown by th e  s t a b i l i t y  to  
e x tra c tio n  o f th e  balanced so lu tio n #
SUMMARY OF RESULTS.
Aluminium re a c ts  in  a manner s im ila r  to  f e r r i c  i ro n , 
firming 6-tu n g s to a lu m in a te s f d e r iv a t iv e s  o f th e  a c id  H<}jAl(lO^)^j#aq« 
Chromic chromium does not g ive 6-tu n g sto ch ro m ite  by 
th e  same method ,  o r only  to  a  very  s l ig h t  e x te n t .
I  wish to  express g ra te fu l  thanks to  D r.John A .lfe ir 
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